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Background  Public  and  private  agencies  are  cooperating  in  a  study  of  eight  thinning  regimes  in 

young  Douglas-fir  stands.  Regimes  differ  in  the  amount  of  basal  area  allowed  to 
accrue  in  growing  stock  at  each  successive  thinning.  All  regimes  start  with  a  common 
level  of  growing  stock  established  by  a  conditioning  thinning. 

Thinning  interval  is  controlled  by  height  growth  of  crop  trees,  and  a  single  type  of 
thinning  is  prescribed. 

Nine  study  areas,  each  involving  three  completely  random  replications  of  each 
thinning  regime  and  an  unthinned  control,  have  been  established  in  western  Oregon 
and  Washington,  U.S.A.,  and  on  Vancouver  Island,  British  Columbia,  Canada.  Site 
quality  of  these  areas  varies  from  I  through  IV. 


This  is  a  progress  report  on  this  cooperative  study. 
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Abstract  Curtis,  Robert  O.;  Clendenen,  Gary  W.  1994.  Levels-of-growing-stock  cooperative 

study  in  Douglas-fir:  report  no.  12 — the  Iron  Creek  study:  1966-89.  Res.  Pap. 
PNW-RP-475.  Portland,  OR:  U.S.  Department  of  Agriculture,  Forest  Service, 
Pacific  Northwest  Research  Station.  67  p. 

Results  of  the  Iron  Creek  installation  of  the  levels-of-growing-stock  study  in  Douglas- 
fir  {Pseudotsuga  menziesii  (Mirb.)  Franco)  are  summarized.  To  age  42  (planned  com- 
pletion of  the  experiment)  volume  growth  in  this  site  II  Douglas-fir  plantation  has  been 
strongly  related  to  level  of  growing  stock,  partially  offsetting  the  decrease  in  volume 
growth  percent  expected  with  increasing  growing  stock.  Basal  area  growth-growing 
stock  relations  were  much  weaker  than  those  for  volume.  Marked  differences  in  tree 
size  distributions  have  resulted  from  thinning.  Periodic  annual  volume  increments  are 
two  to  three  times  greater  than  mean  annual  increments  at  age  42;  this  stand  is  far 
from  culmination.  Results  in  general  are  similar  to  those  reported  for  other  installa- 
tions in  the  series  on  medium  to  good  sites. 

Keywords:  Thinning,  growing  stock,  growth  and  yield,  stand  density,  Douglas-fir, 
Pseudotsuga  menziesii,  series — Douglas-fir  LOGS. 

Results  of  the  Iron  Creek  installation  of  the  cooperative  levels-of-growing-stock  study 
in  Douglas-fir  (Pseudotsuga  menziesii  (Mirb.)  Franco),  located  in  the  Randle  District 
of  the  Gifford  Pinchot  National  Forest  in  southern  Washington,  are  summarized 
through  age  42  (completion  of  60  feet  of  height  growth,  comprising  the  planned 
course  of  the  experiment). 

Estimated  site  index  (50-year  base)  of  this  plantation  is  126  (mid-site  II).  Contrary  to 
expectations  when  the  study  was  established,  volume  growth  has  been  strongly  re- 
lated to  growing  stock;  basal  area  growth  much  less  so.  There  is  a  substantial  trade- 
off between  increased  individual  tree  size  and  value  and  total  cubic  volume  produc- 
tion. Volume  growth  percentages  have  been  considerably  higher  than  those  for  basal 
area  growth.  At  age  42,  growth  percentages  in  merchantable  cubic  volume  are  not 
strongly  related  to  growing  stock.  Different  growing  stock  levels  have  produced 
marked  differences  in  tree  size  distributions  and  crown  dimensions.  Periodic  annual 
cubic  volume  increments  are  two  to  three  times  greater  than  mean  annual  increments 
at  age  42;  the  stand  is  far  from  culmination.  Results  have  been  generally  comparable 
to  those  reported  from  other  installations  in  the  study  on  medium  to  good  sites. 

Williamson,  Richard  L;  Staebler,  George  R.  1965.  A  cooperative  level-of-g rowing- 
stock  study  in  Douglas-fir.  Portland,  OR:  U.S.  Department  of  Agriculture,  Forest 
Service,  Pacific  Northwest  Forest  and  Range  Experiment  Station.  12  p. 

Describes  purpose  and  scope  of  a  cooperative  study  investigating  the  relative  merits 
of  eight  different  thinning  regimes.  Main  features  of  six  study  areas  installed  between 
1961  and  1965  in  young  stands  also  are  summarized. 

Williamson,  Richard  L.;  Staebler,  George  R.  1971.  Levels-of-growing-stock 
cooperative  study  on  Douglas-fir:  report  no.  1 — description  of  study  and  existing 
study  areas.  Res.  Pap.  PNW-111.  Portland,  OR:  U.S.  Department  of  Agriculture, 
Forest  Service,  Pacific  Northwest  Forest  and  Range  Experiment  Station.  12  p. 

Thinning  regimes  in  young  Douglas-fir  stands  are  described.  Some  characteristics  of 
individual  study  areas  established  by  cooperating  public  and  private  agencies  are 
discussed. 
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Bell,  John  F.;  Berg,  Alan  B.  1972.  Levels-of-growing-stock  cooperative  study  on 
Douglas-fir:  report  no.  2— the  Hoskins  study,  1963-1970.  Res.  Pap.  PNW-130. 
Portland,  OR:  U.S.  Department  of  Agriculture,  Forest  Service,  Pacific  Northwest 
Forest  and  Range  Experiment  Station.  19  p. 

A  calibration  thinning  and  the  first  treatment  thinning  in  a  20-year-old  Douglas-fir 
stand  at  Hoskins,  Oregon,  are  described.  Data  tabulated  for  the  first  7  years  of 
management  show  that  growth  changes  in  the  thinned  stands  were  greater  than 
anticipated. 

Diggle,  P.K.  1972.  The  levels-of-growing-stock  cooperative  study  in  Douglas-fir  in 
British  Columbia  (report  no.  3,  cooperative  L.O.G.S.  study  series).  Inf.  Rep. 
BC-X-66.  Victoria,  BC:  Canadian  Forestry  Service,  Pacific  Forest  Research 
Centre.  46  p. 

Williamson,  Richard  L.  1976.  Levels-of-growing-stock  cooperative  study  in 
Douglas-fir:  report  no.  4 — Rocky  Brook,  Stampede  Creek,  and  Iron  Creek.  Res. 
Pap.  PNW-210.  Portland,  OR:  U.S.  Department  of  Agriculture,  Forest  Service, 
Pacific  Northwest  Forest  and  Range  Experiment  Station.  39  p. 

The  USDA  Forest  Service  maintains  three  of  nine  installations  in  a  regional, 
cooperative  study  of  influences  of  levels  of  growing  stock  (LOGS)  on  stand  growth. 
The  effects  of  calibration  thinnings  are  described  for  the  three  areas.  Results  of  first 
treatment  thinning  are  described  for  one  area. 

Berg,  Alan  B.;  Bell,  John  F.  1979.  Levels-of-growing-stock  cooperative  study  on 
Douglas-fir:  report  no.  5— the  Hoskins  study,  1963-1975.  Res.  Pap.  PNW-257. 
Portland,  OR:  U.S.  Department  of  Agriculture,  Forest  Service,  Pacific  Northwest 
Forest  and  Range  Experiment  Station.  29  p. 

The  study  dramatically  demonstrates  the  capability  of  young  Douglas-fir  stands  to 
transfer  the  growth  from  many  trees  to  few  trees.  It  also  indicates  that  at  least  some 
of  the  treatments  have  the  potential  to  equal  or  surpass  the  gross  cubic-foot  volume 
of  the  controls  during  the  next  treatment  periods. 

Arnott,  J.T.;  Beddows,  D.  1981.  Levels-of-growing-stock  cooperative  study  in 
Douglas-fir:  report  no.  6 — Sayward  Forest,  Shawnigan  Lake.  Inf.  Rep.  BC-X-223. 
Victoria,  BC:  Canadian  Forestry  Service,  Pacific  Forest  Research  Centre.  54  p. 

Data  are  presented  for  the  first  8  and  6  years  at  Sayward  Forest  and  Shawnigan 
Lake,  respectively.  The  effects  of  the  calibration  thinnings  are  described  for  these  two 
installations  on  Vancouver  Island,  British  Columbia.  Results  of  the  first  treatment 
thinning  at  Sayward  Forest  for  a  4-year  response  period  also  are  included. 

Williamson,  Richard  L.;  Curtis,  Robert  0. 1984.  Levels-of-growing-stock 
cooperative  study  in  Douglas-fir:  report  no.  7 — preliminary  results;  Stampede 
Creek,  and  some  comparisons  with  Iron  Creek  and  Hoskins.  Res.  Pap.  PNW-323. 
Portland,  OR:  U.S.  Department  of  Agriculture,  Forest  Service,  Pacific  Northwest 
Forest  and  Range  Experiment  Station.  42  p. 

Results  of  the  Stampede  Creek  LOGS  study  in  southwest  Oregon  are  summarized 
through  the  first  treatment  period,  and  results  are  compared  with  two  more  advanced 
LOGS  studies  and  are  generally  similar. 


Curtis,  Robert  O.;  Marshall,  David  D.  1986.  Levels-of-growing-stock  cooperative 
study  in  Douglas-fir:  report  no.  8 — the  LOGS  study:  twenty-year  results.  Res.  Pap. 
PNW-356.  Portland,  OR:  U.S.  Department  of  Agriculture,  Forest  Service,  Pacific 
Northwest  Research  Station.  113  p. 

Reviews  history  and  status  of  LOGS  study  and  provides  new  analyses  of  data,  pri- 
marily from  the  site  II  installations.  Growth  is  strongly  related  to  growing  stock.  Thin- 
ning treatments  have  produced  marked  differences  in  volume  distribution  by  tree  size. 
At  the  fourth  treatment  period,  current  annual  increment  is  still  about  double  mean 
annual  increment.  Differences  among  treatments  are  increasing  rapidly.  There  are 
considerable  differences  in  productivity  among  installations,  beyond  those  accounted 
for  by  site  differences.  The  LOGS  study  design  is  evaluated. 

Curtis,  Robert  0. 1987.  Levels-of-growing-stock  cooperative  study  in  Douglas-fir: 
report  no.  9 — some  comparisons  of  DFSIM  estimates  with  growth  in  the  levels-of- 
growing-stock  study.  Res.  Pap.  PNW-RP-376.  Portland,  OR:  U.S.  Department  of 
Agriculture,  Forest  Service,  Pacific  Northwest  Research  Station.  34  p. 

Initial  stand  statistics  for  the  LOGS  study  installations  were  projected  by  the  DFSIM 
simulation  program  over  the  available  periods  of  observation.  Estimates  were  com- 
pared with  observed  volume  and  basal  area  growth,  diameter  change,  and  mortality. 
Overall  agreement  was  reasonably  good,  although  results  indicate  some  biases  and 
a  need  for  revisions  in  the  DFSIM  program. 

Marshall,  David  D.;  Bell,  John  F.;  Tappeiner,  John  C.  1992.  Levels-of-growing- 
stock  cooperative  study  in  Douglas-fir:  report  no.  10 — the  Hoskins  study,  1963-83. 
Res.  Pap.  PNW-RP-448.  Portland,  OR:  U.S.  Department  of  Agriculture,  Forest 
Service,  Pacific  Northwest  Research  Station.  65  p. 

Results  of  the  Hoskins  study  are  summarized  through  the  fifth  and  final  planned  treat- 
ment period.  To  age  40,  thinnings  in  this  low  site  I  stand  resulted  in  large  increases 
in  diameter  growth  with  reductions  in  basal  area  and  cubic  volume  growth  and  yield. 
Growth  was  strongly  related  to  level  of  growing  stock.  All  treatments  are  still  far  from 
culmination  of  mean  annual  increment  in  cubic  feet. 

Curtis,  Robert  0. 1992.  Levels-of-growing  stock  cooperative  study  in  Douglas-fir: 
report  no.  11 — Stampede  Creek:  a  20-year  progress  report.  Res.  Pap. 
PNW-RP-442.  Portland,  OR:  U.S.  Department  of  Agriculture,  Forest  Service, 
Pacific  Northwest  Research  Station.  47  p. 

Results  of  the  first  20  years  of  the  Stampede  Creek  study  in  southwest  Oregon  are 
summarized.  To  age  53,  growth  in  this  site  III  Douglas-fir  stand  has  been  strongly 
related  to  level  of  growing  stock.  Marked  differences  in  volume  distribution  by  tree 
sizes  are  developing  as  a  result  of  thinning.  Periodic  annual  increment  is  about  twice 
mean  annual  increment  in  all  treatments,  indicating  that  the  stand  is  still  far  from 
culmination. 
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The  Iron  Creek  levels-of-growing-stock  (LOGS)  installation  is  one  of  nine  installations 
in  a  regional  thinning  study  established  in  young  even-aged  Douglas-fir  {Pseudotsuga 
menziesii  (Mirb.)  Franco)  stands  according  to  a  common  work  plan  (report  no.  1  — 
Williamson  and  Staebler  1971;  appendix  1  in  this  report;  fig.  1).7  This  study  is  a  coop- 
erative effort  involving  Canadian  Forest  Service,  Oregon  State  University,  USDA  For- 
est Service,  Washington  State  Department  of  Natural  Resources,  and  Weyerhaueser 
Company.  The  objective  is  to  compare  growth-growing  stock  relations,  cumulative 
wood  production,  and  tree  size  development  under  eight  different  thinning  regimes 
begun  before  the  onset  of  severe  competition,  The  original  study  plan  was  developed 
at  Weyerhaeuser  Company,  Centralia,  Washington,  Procedural  details  were 
developed  by  the  Pacific  Northwest  Research  Station,  USDA  Forest  Service, 
Portland,  Oregon. 

Detailed  progress  reports  on  individual  installations  are  contained  in  the  series  of 
LOGS  publications  listed  at  the  beginning  of  this  report,  Curtis  and  Marshall  (1986) 
give  an  overall  summary  of  results  for  the  first  20  years  of  the  program.  Since  1 986, 
several  of  the  higher  site  installations,  of  which  Iron  Creek  is  one,  have  completed 
the  full  course  of  the  experiment  as  originally  planned. 


Figure  1 — Locations  of  the  nine  installations  of 
the  levels-of-growing-stock  cooperative  study  in 
Douglas-fir. 


1  Staebler,  George  R;  Williamson,  Richard  L.  1962.  Plan  for 
a  level-of-growing-stock  study  in  Douglas-fir.  Unpublished 
study  plan.  On  file  with:  Forestry  Sciences  Laboratory, 
3625— 93d  Avenue  SW,  Olympia,  WA  98512. 
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The  Iron  Creek  LOGS  installation  was  established  in  1966  by  the  Pacific  Northwest 
Research  Station  and  the  Pacific  Northwest  Region  (Region  6)  of  the  USDA  Forest 
Service.  Some  preliminary  data  were  given  by  Williamson  (report  no.  4 — 1976)  and 
by  Williamson  and  Curtis  (report  no.  7 — 1984).  At  the  end  of  the  1989  growing  sea- 
son, Iron  Creek  had  completed  the  fifth  and  final  treatment  period  of  the  experiment 
as  originally  planned. 

The  purposes  of  this  report  are  to  document  the  quantitative  results  obtained  and  to 
present  and  discuss  the  implications  of  results  through  the  final  treatment  period. 

Objectives  Trie  LOGS  cooperative  studies  evolved  from  work  in  the  late  1950s  by  George 

Staebler  (1959,  1960).  Staebler  argued  that  thinning  would  transfer  increment  to  the 
remaining  faster  growing  trees  and  increase  growth  percent  through  reduction  in 
growing  stock,  while  largely  eliminating  mortality  losses.  He  also  recognized  that  the 
implied  assumption  of  near-constant  gross  increment  over  a  wide  range  of  stocking 
had  not  been  tested.  The  objectives  of  the  LOGS  studies,  as  stated  in  the  1962  plan, 
were  "to  determine  how  the  amount  of  growing  stock  retained  in  repeatedly  thinned 
stands  of  Douglas-fir  affects  cumulative  wood  production,  tree  size,  and  growth- 
growing  stock  ratios."  Treatments  were  designed  to  include  a  wide  range  of  growing 
stock  so  that  the  results  would  show  "how  to  produce  any  combination  of  factors 
deemed  optimum  from  a  management  standpoint."  The  study  was  not  designed  as 
a  test  of  specific  operational  thinning  regimes  but  was  intended  to  define  the  quantita- 
tive relations  between  growth  and  growing  stock  for  a  closely  controlled  initial  stand 
condition  and  kind  of  thinning. 

The  Iron  Creek  LOGS  installation  was  established  in  1966  in  a  Douglas-fir  plantation 
located  in  section  30,  T.  11  N.,  R.  7  E.,  Randle  Ranger  District,  Gifford  Pinchot  Na- 
tional Forest.  Stand  age  was  17  years  since  planting  in  1949;  19  years  from  seed. 
Composition  at  time  of  establishment  was  recorded  as  nearly  pure  Douglas-fir;  how- 
ever, there  evidently  was  abundant  natural  seeding  of  western  hemlock  (Tsuga 
heterophylla  (Raf.)  Sarg.)  and  redcedar  {Thuja  plicata  Donn  ex  D.  Donn)  that  had  not 
yet  reached  sufficient  size  to  be  retained  in  the  calibration  cut,  as  shown  by  large 
numbers  in  an  understory  position  now  present  on  the  control  plots. 

The  stand  is  in  a  midslope  position  at  an  elevation  of  about  2,500  feet.  Aspect  is 
easterly,  with  slopes  averaging  about  25  percent.  The  plant  association  (Topik  and 
others  1986)  is  western  hemlock/swordfern  (TSHE/POMU,  Tsuga  heterophylla/ 
Polystichum  munitum).  Estimated  site  index  as  of  1989  (King  1966)  was  126  (base 
age  50  years  breast  height  [b.h.]),  or  mid-site  II. 

The  deep,  well-drained  soil  (series  undetermined)  is  derived  from  volcanic  ash  and 
lapilli  overlying  a  residual  soil  developed  on  fractured  volcanic  rock.  Surface  soils 
range  from  sandy  loam  to  loam,  with  interbedded  pumice. 

At  the  time  the  study  was  established,  many  trees  had  been  damaged  by  bear.  About 
20  percent  of  the  trees  remaining  after  the  calibration  thinning  had  some  injury.  The 
area  was  then  fenced,  and  further  injury  was  limited  to  one  episode  after  damage  to 
the  fence  in  1975.  By  1989,  few  of  the  remaining  trees  showed  noticeable  evidence 
of  bear  damage,  although  butt  scars  still  could  be  found. 

The  May  1980  eruption  of  Mount  St.  Helens  deposited  about  1  inch  of  ash  on  the 
study  area.  Foliage  was  still  ash  covered  the  following  September. 
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Experimental  Design 


Stand  Treatments 


Figure  2 — Arrangement  of  plots  in  the  Iron  Creek  LOGS  installation. 

Several  plots  have  had  substantial  damage  from  root  rot.  One  plot  (plot  51  in  treat- 
ment 1)  has  been  virtually  destroyed  by  Phellinus  weirii  and  has  been  excluded  from 
analyses.  Redcedar  and  hemlock  reproduction  is  now  abundant  in  the  openings  cre- 
ated by  root  rot  and  as  a  developing  understory  in  the  more  heavily  thinned 
treatments. 

The  experiment  is  a  completely  randomized  design  having  three  replications  of  eight 
thinning  treatments,  plus  control.  The  27  plots  are  one-fifth  of  an  acre,  square,  without 
buffers  except  that  a  30-foot  isolation  strip  was  provided  around  the  outer  margins  of 
the  experimental  area.  Physical  arrangement  is  shown  in  figure  2.  Detailed  criteria 
(appendix  1)  for  area  and  plot  selection  provided  a  high  degree  of  uniformity  in  initial 
conditions. 

Treatments  were  rigidly  controlled  to  provide  compatibility  among  installations  on 
different  sites. 

Selection  of  crop  trees — Crop  trees  were  selected  at  the  rate  of  16  per  plot  (80  per 
acre),  distributed  to  provide  4  well-spaced  crop  trees  in  each  quarter  of  a  plot.  Crop 
trees  were  identified  with  white  paint  bands. 

Calibration  thinning — An  initial  calibration  thinning  was  made  on  the  24  plots  as- 
signed to  thinning  treatments  and  was  intended  to  reduce  all  to  as  nearly  comparable 
condition  as  possible.  All  trees  less  than  one-half  the  initial  stand  quadratic  mean 
diameter  (QMD)  were  cut.  Additional  noncrop  trees  were  cut  as  needed  to  meet  the 
study  plan  specifications,  which  called  for  the  stand  to  be  thinned  to  an  initial  spacing 
based  on  the  equation, 

S  =  0  .6167  x  QMD  +  8  , 

where  S  is  the  average  spacing  in  feet  and  QMD  is  quadratic  mean  diameter  of  the 
leave  trees.  Marking  was  controlled  by  the  specifications  that  QMD  of  the  leave  trees 
should  be  within  15  percent  of  the  installation  mean,  and  leave  tree  basal  areas 
should  be  within  3  percent.  All  leave  trees  on  thinned  plots  were  identified  with  per- 
manent numbered  tags.  Trees  1.6  inches  diameter  at  breast  height  (d.b.h.)  and 
larger  were  tagged  on  the  control  plots. 
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Treatment  thinnings— Treatment  thinnings  were  made  in  1970,  1973,  1977,  1980,  and 
1984  (ages  23,  26,  30,  33,  and  37,  respectively),  which  corresponded  to  about  10-foot 
increments  in  crop  tree  height.  Thinning  intensity  was  determined  as  percentages  of 
gross  basal  area  growth  on  the  control  plots,  as  defined  in  the  table  on  the  inside 
front  cover.  Gross  basal  area  growth  of  controls  was  assumed  to  represent  the  pro- 
ductive potential  of  the  site  at  full  stocking.  Basal  areas  after  thinning  were  calculated 
from  the  equation, 

BAn  =  BA(n-l)+  p  x  GBAG  , 

where 

BAn  =  basal  area  retained  after  thinning, 

BA(n-i)  =  basal  area  at  beginning  of  preceding  treatment  period, 

p  =  prespecified  percentage  of  gross  basal  area  growth  of  controls  to  be  retained,  and 

GBAG  =  average  gross  basal  area  growth  on  controls. 

The  expected  trends  in  basal  area  created  by  these  specifications  are  shown  in 
figure  3. 

Kind  of  thinning  was  further  specified  by  the  following  requirements: 

1 .  No  crop  trees  were  to  be  cut  until  all  noncrop  trees  had  been  removed. 

2.  Average  diameter  of  trees  removed  in  thinning  should  approximate  the  average 
diameter  of  trees  available  for  thinning  (that  is,  noncrop  trees  only  until  all  noncrop 
trees  had  been  removed).  This  resulted  in  a  d/D  ratio  (ratio  of  diameter  of  trees  cut 
to  diameter  of  stand  before  thinning)  of  less  than  1 .0  for  the  stand. 

3.  Trees  removed  in  thinning  were  to  be  distributed  across  the  range  of  diameters  of 
trees  available  for  thinning. 


%*  

Height 


Figure  3 — Idealized  trends  in  basal  area  for  the  eight  thinning  regimes  in  the  LOGS  study. 


The  thinning  specifications  of  the  study  plan  were  expected  to  result  in  a  crown  thin- 
ning. The  d/D  ratios  were  calculated  for  each  of  the  five  treatment  thinnings.  Overall 
means  were  about  0.90  with  no  clear  trends  over  time  or  treatment. 

Data  Collection  and  Immediately  after  the  calibration  thinning,  and  at  all  subsequent  measurement  dates 

Summarization  (that  is,  1966,  1970,  1973,  1977,  1980,  1984,  1989),  diameters  of  all  tagged  trees 

were  measured  to  the  nearest  0.1  inch.  Ingrowth  was  tagged  and  measured  on  the 
control  plots  only.  Heights  were  measured  on  a  sample  of  these  trees;  sample  size 
differed  but  was  not  less  than  12  trees  per  plot,  and  usually  more,  distributed  across 
the  range  of  diameters.  Beginning  with  the  1973  measurement,  heights  to  base  of 
live  crown  also  were  measured. 

Constrained  height-diameter  curves  were  fit  to  each  measurement  on  each  plot  with 
an  adaptation2  of  Hyink  and  others'  (1988)  procedure.  Tree  volumes  in  total  cubic  feet 
inside  bark  (CVTS)  were  calculated  by  the  Bruce  and  DeMars  (1974)  equation,  from 
actual  measured  heights  when  available  and  from  heights  predicted  by  the  Clendenen 
equations  for  trees  not  having  measured  heights.  These  were  converted  to  merchant- 
able cubic  volumes  to  a  6-inch  top  (CV6)  by  using  equations  from  Brackett  (1973). 

Stand  heights  were  characterized  as  average  height  (H40)  of  the  largest  40  trees  (by 
d.b.h.)  per  acre  for  each  plot  and  were  calculated  as  the  mean  of  the  measured  or 
estimated  heights  of  all  trees  in  this  category. 

Analyses  The  original  study  plan  specified  analysis  of  variance  as  the  method  of  analysis.  Many 

aspects  of  the  experiment  are  more  meaningfully  presented  and  interpreted,  however, 
through  simple  graphic  comparisons  of  means  and  by  regressions  of  periodic  annual 
increment  in  basal  area  and  in  volume  on  basal  area  at  period  midpoints,  by  treat- 
ments. Regressions  were  of  the  form, 

InY  =  a  +  blnX  +  cX  , 

as  used  previously  by  Curtis  and  Marshall  (report  no.  8 — 1986).  The  underlying 
numerical  values  are  summarized  in  a  series  of  tables  given  in  appendix  2. 

Results  The  analysis  of  variance  is  presented  in  tables  1  and  2  (all  tables  are  in  appendix  2). 

This  follows  the  procedure  outlined  in  the  original  study  plan  and  used  in  previous 
LOGS  reports  (report  no.  8 — Curtis  and  Marshall  1986;  report  no.  10 — Marshall  and 

Analysis  of  Variance  others  1992),  except  for  changes  made  necessary  by  loss  of  one  plot.  This  is  a 

repeated-measures  experiment  that  is  computationally  similar  to  a  split-plot  design 
(Snedecor  and  Cochran  1980),  in  which  the  periodic  remeasurements  correspond  to 
subplots.  Computations  were  done  with  the  GLM  procedure  of  SAS  (SAS  Institute 
1988)  and  used  as  successive  response  variables  periodic  annual  gross  increment  in 
cubic  volume  and  corresponding  growth  percent,  periodic  annual  gross  increment  in 
basal  area  and  corresponding  growth  percent,  and  periodic  annual  net  increment  in 
quadratic  mean  diameter. 

The  interactions  period  x  (fixed  vs.  variable),  period  x  (between  increasing),  and 
period  x  (between  decreasing)  were  in  general  nonsignificant.  The  corresponding 
main  effect  fixed  vs.  variable  treatments  was  nonsignificant,  thereby  indicating  no  dif- 
ference in  overall  means.  Differences  in  means  between  increasing  treatments,  and 
those  between  decreasing  treatments,  are  significant  or  nearly  so  for  all  variables. 


2  Developed  by  Gary  W.  Clendenen  and  David  D.  Marshall. 
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The  interactions  period  x  fixed  (linear)  and  period  x  (increasing  vs.  decreasing  treat- 
ments) were  significant  in  most  cases.  This  indicates  that,  as  would  be  expected,  the 
relations  differ  overtime.  Consequently,  the  corresponding  main  effects,  though  statis- 
tically significant,  are  not  meaningful.  Interpretations  are  therefore  made  in  terms  of 
the  graphic  comparisons  and  regressions  of  growth  on  growing  stock,  by  treatments, 
presented  below. 

Trends  in  Live  Stand  Height  of  largest  40  trees  per  acre  (H40)— H40,  defined  as  the  average  of  the 

Statistics  heights  of  the  largest  (by  d.b.h.)  40  trees  per  acre,  is  a  useful  measure  of  height 

development.  This  can  be  calculated  objectively  for  all  plots  from  the  data  available. 

is  little  affected  by  thinning,  and  is  now  quite  commonly  used  as  the  basis  for  site 

index  estimates  in  the  region. 

Excluding  plot  51  (severely  damaged  by  root  rot),  the  range  in  1989  heights  (age  42) 
was  from  95  to  106  feet.  There  appeared  to  be  no  relation  to  thinning  treatment. 
Mean  of  the  thinned  plots  differed  by  only  0.2  foot  from  the  mean  of  the  controls 
(table  3). 

Figure  4  compares  development  of  H40  over  the  life  of  the  installation  with  that 
predicted  by  King  (1966)  for  site  index  126.  The  curves  are  nearly  identical. 

Number  of  trees— Trends  over  time  in  trees  per  acre  by  thinning  treatments  are 
shown  in  figure  5.  Corresponding  numerical  values,  including  those  for  the  controls 
(omitted  in  fig.  5),  are  given  in  table  4. 

Basal  area— Corresponding  values  of  basal  area  per  acre,  by  treatments,  are  shown 
in  figure  6  and  in  table  5. 
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Figure  4— Observed  H40  trend  compared  to  King  (1966)  predicted  heights. 
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Figure  5 — Numbers  of  trees  per  acre  by  treatment  and  age. 
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Figure  6 — Trends  of  live  basal  area  by  treatment  and  age. 


Figure  7 — Attained  quadratic  mean  diameters  (QMD)  by  treatment  and  age. 


Quadratic  mean  diameter  (QMD) — Trends  in  quadratic  mean  diameter  are  shown 
in  figure  7  and  table  6.  As  discussed  later,  QMD  values  for  the  control  are  strongly 
influenced  by  presence  of  an  understory  of  small  stems  of  tolerant  species.  QMD 
of  Douglas-fir  only  is  a  better  measure  of  development  relative  to  the  thinned  plots 
(which  are  almost  pure  Douglas-fir)  than  is  QMD  of  all  species. 

Other  diameter  measures — Several  other  average  diameters  are  sometimes  used 
to  express  stand  attributes.  D40,  average  diameter  of  the  40  largest  (by  d.b.h.)  trees 
per  acre,  corresponds  to  H40  and  is  useful  in  expressing  effect  of  treatment  on  dia- 
meter growth  of  leading  dominant  trees.  Unlike  QMD,  this  is  only  slightly  influenced 
by  removal  of  trees  through  thinning  or  mortality,  because  few  trees  in  this  category 
are  cut  in  the  thinning  regimes  considered,  and  suppression  mortality  does  not  occur. 

Trends  in  development  of  D40  over  time  are  shown  in  figure  8  and  table  7.  Thinning 
has  had  much  less  effect  on  D40  than  on  QMD.  Thinning,  none  the  less,  has  had  a 
consistent  effect  on  diameter  growth  of  these  largest  trees. 

A  second  measure  of  diameter  development  is  D80,  quadratic  mean  diameter  of  the 
largest  (by  d.b.h.)  80  stems  per  acre.  This  is  similar  to  D40,  though  somewhat  smaller 
in  value,  and  is  sometimes  used  for  similar  purposes  as  a  value  roughly  correspond- 
ing to  the  expected  number  of  surviving  trees  at  harvest  age  under  some  commonly 
used  regimes. 
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Figure  8 — D40  (average  diameter  of  largest  40  trees  per  acre)  by  treatment  and  age. 

A  third  measure  of  diameter  development  is  Dcrop,  quadratic  mean  diameter  of  desig- 
nated crop  trees,  shown  in  table  7.  The  study  plan  envisioned  an  initial  selection  of 
crop  trees  based  on  a  combination  of  vigor  and  spacing,  with  these  trees  to  be  fa- 
vored during  thinning  and  retained  to  the  end  of  the  experiment.  Although  there  were 
80  such  trees  per  acre,  diameters  were  expected  to  be  somewhat  less  than  D80 
because  of  the  spacing  constraint.  Interpretation  of  this  value  is  somewhat  obscured 
by  substitution  of  new  crop  trees  for  damaged  and  low-vigor  trees,  but  values  are 
given  for  comparability  with  other  reports. 

Both  D80  and  Dcrop  values  become  equal  to  QMD  once  the  number  of  stems  (some 
treatments  only)  has  been  reduced  to  80  per  acre. 

Total  cubic  volume  (CVTS) — Trends  in  cubic  volume  of  total  stem  are  shown  in 
figure  9,  with  numerical  values  given  in  tables  8  and  9. 

Merchantable  cubic  volume  (CV6) — Trends  in  merchantable  cubic  volume  to  a 
6-inch  top  diameter  inside  bark  (d.i.b.)  are  shown  in  figure  10;  numerical  values  are 
in  table  10. 

Relative  density  measures  are  useful  in  describing  thinning  regimes,  as  guides  for 
density  control,  as  values  interpretable  as  measures  of  competition,  and  as  predictors 
of  growth.  Here,  treatments  were  compared  by  using  two  common  relative  density 
measures  that  are  nearly  equivalent,  except  for  scale  factors.  These  are  Curtis'  (1982) 
relative  density  (RD)  and  Reineke's  (1933)  stand  density  index  (SDI).  Relative 
density  is  defined  by  the  equation, 


RD= 


basal  area 


Vqmd  ' 

and  is  merely  a  rearrangement  of  Reineke's  equation  (with  a  slight  difference  in 
exponent)  into  a  form  that  some  find  easier  to  use. 
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Figure  9— Total  stem  volume  (CVTS)  in  live  trees,  by  treatment  and  age. 
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Figure  10— Merchantable  volume  (CV6)  in  live  trees,  by  treatment  and  age. 


Figures  1 1  and  12  display  trends  of  RD  over  time  for  the  various  thinning  regimes. 
The  corresponding  trends  for  the  control  are  useful  as  reference  points  for  thinning 
regimes  (that  is,  their  relation  to  "maximum"),  and  the  asymptote  represents  an  esti- 
mate of  the  maximum  attainable  density  in  an  unthinned  stand  at  this  location.  This 
differs  among  locations  and  is  not  closely  related  to  site  index  (report  no.  8 — Curtis 
and  Marshall  1986). 

The  diameter  distribution  (fig.  13)  for  the  Iron  Creek  control  plots  illustrates  a  mensur- 
ational  problem  of  common  occurrence  in  western  Washington.  The  main  stand  con- 
sists of  Douglas-fir,  with  an  understory  of  tolerant  species — western  hemlock  and 
redcedar.  The  understory  trees  contribute  little  to  volume  and  basal  area  (13  percent 
of  basal  area  at  age  42)  and  almost  nothing  to  volume  or  basal  area  growth,  and 
have  negligible  effect  on  growth  of  the  stand;  but  they  do  represent  a  large  fraction  of 
the  total  number  of  stems  present  (47  percent  at  age  42).  This  has  a  considerable 
effect  on  computation  of  QMD  and  of  density  measures,  such  as  RD  and  SDI,  that 
involve  QMD;  and  can  lead  to  grossly  inflated  values  that  are  probably  meaningless 
as  indicators  of  stand-level  competition.  Thinned  plots  had  understory  removed  at 
establishment,  and  ingrowth  has  not  been  measured;  therefore,  they  are  unaffected. 

For  the  stand  structures  on  the  Iron  Creek  unthinned  plots,  several  methods  of  adjust- 
ment are  possible  that  give  values  approximating  those  for  a  stand  with  a  more  or 
less  symmetrical  diameter  distribution  and  equivalent  level  of  competition.  One  pro- 
cedure is  to  truncate  the  distribution  at  a  point  that  excludes  most  of  the  understory. 
At  Iron  Creek,  a  diameter  of  D40/3  seems  a  reasonable  truncation  point  for  all  mea- 
surements. An  alternative  procedure  is  to  calculate  RD  by  using  basal  area  of  all 
trees  (which  is  little  influenced  by  the  understory)  and  QMD  of  the  Douglas-fir.  For 
these  data,  results  of  the  two  procedures  are  nearly  identical.  The  resulting  curves 
(dashed  lines  in  figs.  11  and  12)  suggest  that  maximum  RD  for  this  stand  is  in  the 
range  RD80-85.  The  value  of  RD95  indicated  by  the  calculation  using  all  trees  is 
almost  certainly  a  gross  overestimate  of  competition  level. 

Reineke  diagram — Figures  14  and  15  show  the  trends  of  number  in  relation  to  QMD 
of  all  trees  on  log-log  scales  (Reineke  1933),  by  treatments.  Truncation  of  the 
diameter  distribution  has  no  effect  on  values  for  thinning  treatments  but  shifts  the 
curve  for  the  control  down  and  to  the  right. 

Stand  density  index — Figures  16  and  17  show  the  trends  of  SDI  over  time  for  the 
various  thinning  treatments.  The  trend  of  SDI  for  the  control  plots  appears  to  be 
approaching  a  maximum  value  in  the  vicinity  of  SDI  500.  As  with  RD,  inclusion  of 
small  understory  stems  of  a  younger  age  class  probably  leads  to  an  overestimate. 

Total  cubic  volume — Cumulative  total  cubic  volume  production  under  the  various 
treatments  is  shown  in  figure  18  and  table  9.  Estimated  volume  of  material  cut  at  the 
calibration  thinning  has  been  added  to  provide  a  common  origin  with  the  curve  for 
the  control.  In  the  thinned  treatments,  mortality  has  been  relatively  slight  and  due  to 
root  rot  rather  than  suppression,  and  gross  production  values  differ  only  slightly  from 
the  net  values  shown. 

Although  net  CVTS  production  on  the  control  has  been  higher  than  on  any  of  the 
thinning  treatments,  with  the  onset  of  suppression-related  mortality,  it  is  declining 
relative  to  the  thinning  treatments,  and  it  seems  likely  that  the  higher  density  thinning 
treatments  soon  will  cross  the  control  curve. 

Text  continued  on  page  16 
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Figure  11— Trends  in  relative  density  (RD)  in  relation  to  age,  for  fixed  treatments 
and  control. 
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Figure  12 — Trends  in  relative  density  (RD)  in  relation  to  age,  for  variable  treatments 
and  control. 
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Figure  13 — Numbers  of  trees  on  control  in  1989,  by  diameter  class  and  species 
group. 
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Figure  14 — Reineke  plot  of  In  (number  of  trees)  over  In(QMD),  for  fixed  treatments 
and  control. 


Figure  15— Reineke  plot  of  ln(number  of  trees)  over  In(QMD),  for  variable  treatments 
and  control. 
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Figure  16 — Stand  density  index  (SDI)  in  relation  to  age,  fixed  treatments  and  control. 
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Figure  17— Stand  density  index  (SDI)  in  relation  to  age,  variable  treatments  and 
control, 
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Figure  18 — Cumulative  net  total  volume  (CVTS)  production  in  relation  to  age,  and 
treatment. 
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Merchantable  cubic  volume — Cumulative  merchantable  volume  production  for  the 
various  treatments  is  shown  in  figure  19  and  table  9.  All  values  are  net.  Treatments 
5,  7,  and  8  have  exceeded  the  control  volume,  and  treatment  4  has  produced  virtually 
the  same  volume  as  the  control;  all  thinning  treatments  have  produced  considerably 
larger  diameter  trees.  As  yet  suppression-related  mortality  has  had  little  effect  on  the 
control  because  mortality  has  been  principally  in  trees  too  small  to  contribute  to  CV6 
totals. 

Distribution  of  CVTS  by  tree  size  classes  is  shown  in  three  graphs.  Figure  20  shows 
volumes  in  live  trees  15.6+,  13.6+,  11. 6+,  9.6+,  7.6+,  and  1.6+  inches  d.b.h.  at  the 
end  of  the  fifth  treatment  period  (1989).  Figure  21  shows  corresponding  cumulative 
totals — live  stand  in  1989  plus  volumes  of  trees  removed  in  thinnings.  Figure  22 
shows  distribution  at  end  of  fifth  treatment  period  (1989)  as  percentages  of  total  live 
standing  volume.  Although  thinned  plots  have  produced  less  total  volume  than  the 
control,  and  lower  density  thinned  plots  have  produced  less  total  volume  than  higher 
density  plots,  thinned  plots  have  their  volume  concentrated  on  fewer  but  considerably 
larger  trees. 

Periodic  annual  increment  (PAI)  values  presented  are  net.  Mortality  has  been  negligi- 
ble on  most  thinned  plots.  There  has  been  substantial  suppression  mortality  on  the 
controls,  which  is  not  presented  here. 

PAI  in  basal  area— Time  trends  of  net  periodic  annual  increment  in  basal  area  are 
shown  in  figures  23  and  24  and  in  table  11,  by  treatments.  Initially,  the  control  is 
much  above  the  others,  but  falls  rapidly  through  the  combination  of  reduced  growth 
due  to  competition  and  increasing  suppression  mortality. 


o 


8000 
7000 
6000 
5000 
4000 
3000  - 
2000  ■ 
1000  - 


Fixed 
Variable 
Control 


15 


Age  (years) 


Figure  1 9— Cumulative  net  merchantable  volume  (CV6)  production  in  relation  to  age 
and  treatment. 
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Figure  20 — Distribution  of  total  volume  (CVTS)  in  live  trees  by  size  class  and 
treatment,  1989. 
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Figure  21 — Cumulative  production  in  total  volume  (CVTS)  by  tree  size  class 
and  treatment,  1 966-89. 
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Figure  22 — Percentage  distribution  of  total  volume  (CVTS)  by  tree  size  and 
treatment,  1989. 
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Figure  23 — Net  periodic  annual  increment  in  basal  area  in  relation  to  age,  fixed 
treatments  and  control. 
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Figure  24 — Net  periodic  annual  increment  in  basal  area  in  relation  to  age,  variable 
treatments  and  control. 

PAI  in  quadratic  mean  diameter — Time  trends  of  periodic  annual  increment  in  QMD 
are  shown  in  figures  25  and  26  and  in  table  12.  For  thinned  plots,  values  of  net 
change  and  of  survivor  growth  are  virtually  identical,  because  there  has  been  little 
mortality  and  no  ingrowth.  These  values  differ  considerably  for  the  control,  however. 
Survivor  growth  is  the  more  meaningful  expression  of  actual  biological  growth  (Curtis 
and  Marshall  1989). 

PAI  in  total  cubic  volume — Time  trends  of  periodic  annual  increment  in  CVTS  are 
shown  in  figures  27  and  28  and  in  table  13.  Note  the  sharp  depression  in  growth 
during  the  fourth  treatment  period.  This  reflects  a  corresponding  depression  in  height 
growth  in  this  period,  as  well  as  apparent  slight  reductions  in  basal  area  and  diameter 
growth.  This  period  represents  the  second  through  the  fifth  growing  seasons  following 
the  Mount  St.  Helens  ashfall  and  could  possibly  represent  an  aftereffect  of  the 
eruption. 

PAI  in  merchantable  cubic  volume — Trends  of  CV6  PAI  over  time  are  shown  in 
figures  29  and  30  and  in  table  13.  The  6-inch  merchantability  limit  markedly  changes 
the  shape  of  the  curves,  compared  to  that  for  CVTS. 

Periodic  annual  mortality — Periodic  annual  mortality  in  number  of  trees,  basal  area, 
and  CVTS  is  shown  in  tables  14  and  15.  Values  are  low  to  negligible  in  all  thinning 
treatments  but  became  substantial  on  the  unthinned  plots  in  recent  periods. 
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Figure  25 — Periodic  annual  increment  in  quadratic  mean  diameter  (QMD)  in  relation 
to  age.  fixed  treatments  and  control. 
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Figure  26 — Periodic  annual  increment  in  quadratic  mean  diameter  (QMD)  in  relation 
to  age.  variable  treatments  and  control. 
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Figure  27 — Mean  annual  increment  and  periodic  annual  increment  in  net  volume 
(CVTS)  in  relation  to  age,  fixed  treatments  and  control. 
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Figure  28 — Mean  annual  increment  and  periodic  annual  increment  in  net  volume 
(CVTS)  in  relation  to  age,  variaPle  treatments  and  control. 
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Figure  29 — Mean  annual  increment  and  periodic  annual  increment  in  net 
mechantable  volume  (CV6)  in  relation  to  age,  fixed  treatments  and  control. 
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Figure  30 — Mean  annual  increment  and  periodic  annual  increment  in  net 
merchantable  volume  (CV6)  in  relation  to  age,  variable  treatments  and  control. 
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Growth  percentage  is  one  method  of  expressing  growth  rates.  The  argument  that  one 
should  seek  maximum  return  on  growing  stock,  one  expression  of  which  is  growth 
percent,  had  an  important  place  in  the  thinking  that  led  to  the  LOGS  study.  Growth 
percents  used  here  are  calculated  as, 


growth  percent  =  1 00 


PAI 


(Xi  +  X2)/2 


where  Xi  and  X2  are  growing  stock  at  beginning  and  end  of  the  growth  period. 

Trends  over  time  of  growth  percents  for  basal  area  of  all  trees,  for  CVTS,  and  for  CV6 
are  shown  in  figures  31,  32,  and  33  and  in  table  16. 

Basal  area  growth  percent — A  consistent  pattern  has  occurred,  as  expected,  of 
growth  percent  declining  over  time.  The  higher  density  treatments  have  lower  growth 
percents  at  a  given  age,  because  higher  density  means  a  larger  divisor.  The  control 
falls  much  below  the  thinned  treatments,  both  because  of  its  larger  divisor  and  be- 
cause it  has  substantial  suppression  mortality. 

CVTS  growth  percent — Patterns  are  similar  but  the  spread  between  treatments  is 
less,  compared  to  basal  area  growth  percent.  Suppression  mortality  on  the  control 
represents  proportionally  much  less  volume  than  does  basal  area  because  of  the 
small  size  of  trees  involved.  In  thinned  treatments,  although  lower  stocking  reduces 
the  divisor  and  is  expected  to  result  in  higher  growth  percent,  this  is  partially  offset 
by  the  reduction  in  PAI  associated  with  low  stocking  (further  discussion  below). 

CV6  growth  percent — The  plots  are  in  a  stage  of  development  where  ratios  of 
merchantable  to  total  cubic  volume  are  changing  rapidly,  and  this  has  a  considerable 
effect  on  the  trends  shown.  Initial  growth  percents  are  very  high  because  of  the  small 
values  of  CV6  used  as  the  divisor.  Ratios  of  merchantable  volume  to  total  volume 
increase  faster  on  the  lower  stocked  plots  because  of  the  larger  trees;  this  tends  to 
offset  the  relative  increase  in  growth  percent  expected  from  lower  total  volume  of 
growing  stock.  The  net  effect  over  the  age  range  represented  here  is  to  reduce  the 
differences  in  growth  percent  among  treatments. 

Comparisons  at  age  42 — Growth  percents  in  basal  area,  CVTS,  and  CV4  in  relation 
to  basal  area  stocking  at  age  42  (the  most  recent  growth  period  available)  are  com- 
pared in  figure  34.  Volume  growth  percents  are  considerably  higher  than  basal  area 
growth  percents,  which  in  part  represents  the  effect  of  rapid  height  growth.  Growth 
percents  in  CV6  are  somewhat  higher  than  in  CVTS  and,  at  this  stage  in  stand  de- 
velopment, do  not  differ  much  among  treatments.  Because  value  increases  with  tree 
size,  presumably  value  growth  percents  are  higher  than  shown  and  might  have  some- 
what different  relations  to  level  of  growing  stock  and  age. 

For  the  1989  data  (age  42),  height  to  live  crown  (HLC)  measurements  were  plotted 
over  d.b.h.,  by  treatment.  With  the  possible  exception  of  a  few  of  the  smallest  trees, 
the  relation  was  in.  all  cases  well  represented  by  a  horizontal  line.  Similar  plots  of  live 
crown  ratio  (LCR)  generally  showed  a  positive  slope,  as  would  be  expected,  because 
total  height  increases  with  diameter.  Therefore,  although  HLC  treatment  values  can 
be  expressed  as  simple  means,  LCR  cannot.  It  seems  reasonable  to  characterize 
treatment  values  of  LCR  by  the  LCR  corresponding  to  average  dimensions  of  the  40 
largest  (by  d.b.h.)  trees  per  acre.  This  is  readily  obtained  as  (H40-mean  HLC)/H40. 
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Figure  31 — Net  basal  area  growth  percent  in  relation  to  age  and  treatment. 
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Figure  32 — Net  volume  (CVTS)  growth  percent  in  relation  to  age  and  treatment. 
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Figure  33— Net  merchantable  volume  (CV6)  growth  percent  in  relation  to  age  and 
treatment. 
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Figure  34 — Comparison  of  growth  percents  in  basal  area,  total  volume,  and 
merchantable  volume  in  most  recent  growth  period,  1984-89. 


The  resulting  values  at  age  42  are  shown  in  figure  35.  Note  that  HLC  values  are  al- 
most identical  for  treatments  2,  3,  and  6  and  for  treatments  7,  4,  and  8.  This  corre- 
sponds to  the  expected  equality  of  basal  area  at  the  end  of  the  experiment,  as  shown 
in  figure  3. 

LCR40  values  are  strongly  related  to  basal  area  (and,  similarly,  to  RD),  as  shown  in 
figure  36.  A  question  not  addressed  in  this  report,  but  worthy  of  examination,  is  that 
of  consistency  of  these  relations  over  time  and  among  installations. 

Because  total  height  within  a  treatment  decreases  with  decreasing  diameter,  while 
HLC  remains  constant,  the  differences  in  live  crown  ratio  associated  with  different 
stocking  levels  will  be  greater  for  smaller  trees. 

Discussion  Results  from  the  Iron  Creek  LOGS  installation  are  qualitatively  similar  to  those  from 

other  site  II  installations,  as  reported  by  Curtis  and  Marshall  (report  no.  8 — 1986) 
and  Marshall  and  others  (report  no.  10 — 1992).  Although  there  are  some  quantitative 
differences  related  to  site  and  stand  peculiarities,  results  generally  are  consistent  with 
and  reinforce  conclusions  previously  drawn  from  other  installations. 

Two  basic  ideas  played  a  major  role  in  conception  and  design  of  the  LOGS  study. 
The  first  of  these  was  a  concept  sometimes  termed  the  "Langsaeter  hypothesis" 
(Langsaeter  1941,  as  quoted  by  Braathe  1957;  Staebler  1960),  widely  believed  to 
have  been  demonstrated  by  European  experience  (ManMoller  1954)  and  stated  in 
standard  silviculture  textbooks  (for  example,  Smith  1962:  43).  According  to  this  hy- 
pothesis, the  main  effect  of  thinning,  over  a  wide  range  of  residual  densities,  is  to 
redistribute  a  near-constant  gross  increment  across  various  numbers  of  trees.  If 
true,  this  would  greatly  simplify  construction  of  yield  tables  and  prediction  of  thinning 
effects.  This  hypothesis  had  never  been  tested,  however,  for  young  Douglas-fir  and 
was  still  controversial  in  Europe  in  the  late  1950s  (Holmsgaard  1958). 

A  second  related  idea  (Staebler  1959)  was  that,  for  financial  efficiency,  one  should 
retain  the  minimum  amount  of  growing  stock  feasible  without  major  loss  in  growth. 
If  the  "Langsaeter  hypothesis"  is  assumed  to  hold,  then  growth  percent  should  be  in 
direct  inverse  relation  to  growing  stock  over  a  considerable  range  in  growing  stock. 

The  LOGS  study  was  designed  to  test  these  two  concepts.  It  also  includes  a  specific 
additional  comparison  among  fixed,  increasing,  and  decreasing  trends  in  growing 
stock,  and  it  was  recognized  that  it  would  provide  much  concomitant  information. 

Analysis  of  Variance  Results  from  the  ANOVA  were  much  the  same  as  those  previously  reported  for  other 

LOGS  installations  and  were  consistent  with  the  graphic  comparisons  of  means  that 
form  most  of  this  report. 

Growth-Growing  Stock       Except  where  specifically  indicated,  the  discussion  refers  to  net  growth  rather  than 
Relations  gross  growth.  (For  the  various  thinning  treatments  gross  and  net  growth  are  almost 

identical;  however,  they  differ  considerably  for  the  control,  where  suppression  mortal- 
ity has  become  important  in  the  last  two  growth  periods.) 

Regressions  for  gross  basal  area  growth  in  relation  to  midperiod  basal  area  (fig.  37) 
show  PAI  increasing  with  stocking,  although  the  curves  become  flatter  with  advancing 
age.  The  curves  form  a  consistent  series,  with  elevation  decreasing  uniformly  with 
advancing  age.  Those  for  net  basal  area  (fig.  38)  show,  from  the  third  period  on,  an 
apparent  maximum  near  the  highest  stocking  in  the  thinned  treatments.  This  maxi- 
mum is  due  almost  entirely  to  the  effect  of  mortality  on  the  control  and  would  not 
appear  were  the  control  omitted. 
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Figure  35—1989  heights  and  heights  to  live  crown  of  40 
largest  trees  per  acre,  by  treatment. 
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Figure  36—1989  (age  42)  live  crown  ratios  of  largest  40  stems  per  acre  and  of  all 
stems  in  relation  to  basal  area. 
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Figure  37 — Gross  basal  area  periodic  annual  increment  in  relation  to  midperiod 
basal  area,  by  periods. 


a 

CO 


2 

eg 

S 


S 

a 

© 
z 


14 
12 
10 
8 




Calibr 

a Won  „i 

+TP-1 

'  •   

Y  o 

X  « 

0 

- — »^TP-3 

— * 

— 

>«•  TP-5 

50 


100 


150 


200 


250 


300 


Midperiod  basal  area  (ft  /acre) 


Figure  38 — Net  basal  area  periodic  annual  increment  in  relation  to  midperiod  basal 
area,  by  periods. 


Compared  to  the  basal  area  increment  regressions,  similar  regressions  for  gross  and 
net  CVTS  PAI  (figs.  39  and  40)  have  considerably  steeper  slopes,  still  present  in  the 
most  recent  period.  This  reflects  rapid  and  continued  height  growth  (report  no.  8 — 
Curtis  and  Marshall  1986:  80).  No  maximum  is  present  for  gross  increment;  for  net, 
an  apparent  maximum  occurs  in  the  last  two  growth  periods,  arising  entirely  from 
mortality  in  the  control. 

Elevations  decrease  with  advancing  age,  but  the  trend  is  somewhat  irregular.  This 
corresponds  to  irregularities  in  estimated  height  increments,  which  may  or  may  not 
be  real. 

The  corresponding  net  increment  regressions  for  CV6  (fig.  41)  strongly  resemble  the 
gross  increment  curves  for  CVTS.  No  maximum  is  present;  mortality  on  the  control 
is,  so  far,  in  small  trees  having  little  or  no  effect  on  the  CV6  curve. 

The  above  comparisons  demonstrate  that  both  net  and  gross  volume  increment  are 
in  fact  strongly  related  to  growing  stock.  The  relation  is  considerably  weaker  for 
basal  area  increment;  the  difference  is  due  to  the  height  growth  component  of  volume 
increment.  Like  other  LOGS  installations,  Iron  Creek  clearly  demonstrates  that  the 
"Langsaeter  hypothesis"  does  not  hold  for  young  Douglas-fir  stands  making  rapid 
height  growth.  The  increased  individual  tree  sizes  and  values  associated  with  lower 
growing  stock  levels  are  bought  at  the  cost  of  decreased  total  cubic  volume 
production. 

Growth  Percents  As  expected,  growth  percents  decline  over  time  and  with  increasing  stocking.  Trends 

differ  with  the  variable  involved.  Greatest  differences  between  treatments  occur  with 
basal  area  growth  percent  (fig.  31).  Differences  are  less  for  CVTS  (fig.  32)  and  least 
for  CV6  (fig.  33).  Differences  between  basal  area  and  CVTS  growth  percents  arise 
because  CVTS  growth  is  more  strongly  related  to  stocking  than  is  basal  area  growth; 
hence,  a  decrease  in  the  denominator  (midperiod  CVTS)  is  associated  with  a  de- 
crease in  the  numerator  (PAI)  and  reduces  differences  in  growth  percent.  This  is  also 
true  for  CV6,  but  an  additional  factor  involved  is  the  small  volume  in  CV6  present  in 
small-diameter  stands  (higher  density  treatments). 

A  clear  relation  exists  between  growth  percent  in  basal  area  and  basal  area,  and  be- 
tween growth  percent  in  CVTS  and  basal  area  stocking,  but  only  a  very  weak  one 
exists  between  growth  percent  in  CV6  and  basal  area  stocking  (fig.  34).  The  latter 
relation  is  expected  to  become  stronger  as  trees  in  all  thinning  treatments  pass  into 
diameter  classes  having  most  of  their  volume  in  CV6. 

At  age  42,  growth  percents  in  both  CVTS  and  CV6  do  not  differ  greatly  among  thin- 
ning treatments  and  are  much  higher  than  those  in  basal  area  (fig.  34).  This  again 
reflects  the  effect  of  rapid  height  increment  and  emphasizes  the  fact  that  basal  area 
growth  is  not  a  surrogate  for  volume  growth. 

Although  the  general  direction  of  the  trends  of  growth  percent  in  relation  to  growing 
stock  is  as  expected,  the  magnitude  of  differences  in  volume  growth  percents  among 
treatments  is  considerably  less  than  anticipated  when  the  study  was  established. 
Again,  this  is  a  consequence  of  failure  of  the  "Langsaeter  hypothesis." 
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Figure  39 — Periodic  annual  increment  in  net  volume  (CVTS)  in  relation  to  midperiod 
basal  area,  by  periods. 
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Figure  40 — Periodic  annual  increment  in  gross  volume  (CVTS)  in  relation  to 
midperiod  basal  area,  by  periods. 
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Figure  41 — Periodic  annual  increment  in  net  merchantable  volume  (CV6)  in  relation 
to  midperiod  basal  area,  by  periods. 
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The  original  plan  called  for  comparison  of  increasing  vs.  fixed  vs.  decreasing  treat- 
ments at  each  of  two  final  basal  area  levels  (see  inside  front  cover).  Namely,  T-4 
(increasing)  vs.  T-5  vs.  T-8  (decreasing),  and  T-2  (increasing)  vs.  T-3  vs.  T-6  (de- 
creasing). In  each  group,  the  order  of  cumulative  volume  production  (table  9)  is 
decreasing  >  fixed  >  increasing,  while  that  of  attained  QMD  at  the  final  measure- 
ment is  the  reverse. 

The  goal  of  equal  final  basal  areas  within  each  treatment  group  was  not  completely 
attained.  Differences  were  not  large — 165  vs.  170  vs.  174  square  feet  per  acre  for 
the  higher  level,  and  122  vs.  131  vs.  135  square  feet  per  acre  for  the  lower  level 
group.  But  these  differences  were  sufficient  to  cast  some  doubt  on  the  reality  of  ob- 
served differences  in  volumes  and  diameters.  The  graphs  of  volume  distribution  by 
size  classes  (figs.  21,  22,  and  23)  do,  however,  strongly  suggest  that  the  increasing 
treatments  have  more  volume  and  a  larger  fraction  of  their  volume  in  the  largest  tree 
size  class  than  do  the  fixed  and  decreasing  treatments. 

Mean  annual  increment  (MAI)  and  PAI  values  in  CVTS  have  been  superimposed  in 
figures  27  and  28,  and  those  of  MAI  and  PAI  in  CV6  in  figures  29  and  30. 

The  jog  in  the  PAI  values  for  the  period  1980-84  represents  the  second  through  the 
fifth  growing  seasons  after  the  Mount  St.  Helens  ashfall.  It  is  tempting  to  consider  this 
as  a  delayed  effect  (primarily  on  height  increment)  of  the  eruption;  however,  this  is 
speculative  and  there  could  be  quite  a  different  cause. 
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The  MAI  and  PAI  curves  shown  bring  out  an  important  point,  which  is  consistent  with 
results  to  date  from  other  LOGS  installations  and  pertinent  to  current  forest  manage- 
ment controversies:  at  age  42,  PAI  is  roughly  twice  MAI  in  total  cubic  volume  (CVTS) 
and  three  times  greater  than  MAI  in  merchantable  volume  (CV6)  (tables  13,  17).  All 
treatments  are  still  far  from  culmination.  It  is  clear  that  harvest  at  this  age — not  un- 
common in  the  region  today — would  involve  large  losses  in  productivity  relative  to  the 
potential. 

Stand  Damage  Bear  damage  was  striking  when  the  Iron  Creek  installation  was  first  established,  but 

further  damage  was  eliminated  by  fencing  and  little  evidence  of  damage  is  visible 
today.  Effect  on  the  experiment  has  been  negligible. 

Root  disease  has  had  a  considerable  and  increasing  effect  on  stand  development.  In 
1989.  existing  root  rot  pockets  were  mapped.  One  plot  (plot  51  in  treatment  1)  had 
been  virtually  destroyed  and  was  eliminated  from  analyses.  Three  plots  (52,  91,  101) 
contained  holes  comprising  less  than  25  percent  of  the  plot  area.  Two  others  (53  and 
63)  contained  holes  or  scattered  root  rot  trees  not  considered  to  have  had  much  ef- 
fect as  yet.  But  because  declining  trees  were  removed  in  the  frequent  light  thinnings, 
mortality  and  loss  from  this  cause,  as  shown  in  the  record,  is  considerably  less  than 
would  have  occurred  under  operational  thinning  on  a  longer  cycle. 

Except  for  loss  of  plot  51,  the  main  effect  of  root  rot  on  the  experiment  to  date  has 
been  disruption  of  the  initial  choice  of  crop  trees.  Excluding  plot  51,  on  which  the  loss 
was  almost  total,  13  percent  of  the  initial  crop  trees  had  been  replaced  by  substitutes 
by  1989.  In  most  cases  suitable  substitutes  were  available,  and  the  effect  on  stand 
growth  has  probably  been  minor. 

A  secondary  effect  of  root  disease  is  accelerated  development  of  an  understory  of 
tolerant  species — redcedar  and  hemlock.  Plot  51  is  a  particularly  striking  example  and 
now  is  occupied  by  dense  and  vigorous  redcedar.  Development  here  (and  also  at  the 
Rocky  Brook  LOGS  installation)  suggests  that  root  disease  is  often  a  major  factor  in 
natural  conversion  of  initially  homogeneous  and  nearly  pure  Douglas-fir  stands  to  con- 
siderably less  uniform  stands  with  a  substantial  redcedar  component. 

The  Mount  St.  Helens  ashfall,  though  spectacular  at  the  time,  has  had  only  a 
transitory  effect. 

Volume  Production  Cumulative  totals — Cumulative  net  CVTS  production  to  age  42  is  still  higher  on  the 

control  than  on  any  of  the  thinning  treatments  (fig.  18);  although,  with  the  onset  of 
suppression  mortality,  the  curves  for  the  control  and  for  treatment  7  appear  to  be  con- 
verging. (When  the  LOGS  study  was  planned,  treatment  7  was  designed  as  a  treat- 
ment expected  to  do  little  more  than  forestall  suppression-related  mortality).  In  con- 
trast, four  treatments  (5,  7,  6,  and  8)  exceed  the  control  in  cumulative  net  CV6  pro- 
duction (fig.  19).  Treatment  1  ranks  lowest  in  both  CVTS  and  CV6. 

Volume  distribution  by  tree  size — Figures  20  and  21  show  distribution  of  total  vol- 
ume (CVTS)  by  tree  size  classes  at  age  42  and  for  cumulative  production  to  age  42. 
From  these  it  is  clear  that  all  thinning  treatments  except  treatment  1  have  produced 
substantially  larger  volumes  than  the  control  in  the  largest  size  classes,  and  that  the 
proportions  of  volume  in  the  larger  size  classes  are  much  higher.  This  implies  a  con- 
siderably higher  future  value  per  cubic  foot  because  of  both  lower  logging  cost  and 
the  much  higher  value  of  large  trees,  which  are  now  moving  into  sizes  where  log 
grades  will  be  changing  rapidly. 
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At  age  42,  thinning  treatments  5,  7,  6,  and  8 — the  higher  density  treatments — appear 
to  have  produced  the  most  favorable  results  in  terms  of  the  combination  of  relatively 
high  CV6  and  concentration  of  this  volume  on  relatively  large  trees.  Treatment  1 
clearly  has  too  few  trees  for  a  timber  production  objective  and  was  in  fact  intended 
as  an  extreme  treatment  "designed  to  fail." 

The  LOGS  study  was  not  intended  as  a  comparison  of  operationally  feasible  thinning 
regimes.  It  was  designed  as  (1)  a  test  of  hypotheses  on  relations  between  growth  and 
growing  stock,  and  growth  percent  and  growing  stock,  and  (2)  a  means  of  developing 
information  on  the  nature  and  quantitative  values  of  growth-growing  stock  relations 
that  would  aid  in  predicting  the  results  of  possible  thinning  regimes.  These  aims  have 
been  met. 

The  very  short  thinning  cycle  used  (10  feet  of  height  growth  =  3-5  years)  is  clearly 
impractical  operationally.  However,  several  studies  have  indicated  that — within  limits — 
thinning  cycle  has  only  a  minor  influence  on  production.  Essentially  the  same  results 
probably  could  have  been  achieved  by  initial  precommercial  thinning  to  the  numbers 
left  in  the  first  treatment  thinning,  followed  by  one  or  two  entries  (rather  than  the  five 
actually  made)  designed  to  give  a  similar  trend  in  average  growing  stock  over  time. 

This  report  summarizes  the  principal  stand  statistics  for  the  Iron  Creek  installation  to 
age  42  and  represents  completion  of  the  study  as  originally  planned.  It  also  presents 
the  principal  analyses  called  for  in  the  original  study  plan.  This  follows  the  pattern 
established  by  reports  on  other  installations.  There  are  a  number  of  aspects  not 
addressed,  however,  that  should  receive  attention  in  the  future. 

Continuation  of  installations — Future  development  of  these  stands  should  be 
followed.  Interpretation  of  the  results  and  desirability  of  the  stocking  levels  compared 
will  be  heavily  influenced  by  the  way  they  develop  over  the  next  few  years.  Early 
stocking  levels  that  appeared  relatively  undesirable  may  change  ranking  with  ad- 
vancing age  as  densities,  log  grades,  and  values  change.  Further  treatment  is  not 
feasible  because  of  the  relatively  small  plot  sizes;  there  simply  are  too  few  trees  left 
to  allow  reasonable  thinning. 

The  members  of  the  LOGS  cooperative  have  agreed  to  continue  remeasurement  of 
these  installations  for  at  least  1 0  years  after  completion  of  the  planned  experiment. 

Value  development — To  date,  almost  all  analyses  of  LOGS  installations  (and  all 
those  presented  for  Iron  Creek)  have  been  in  terms  of  volume  and  basal  area  rather 
than  value  production.  This  could  be  quite  misleading,  because  value  is  strongly 
related  to  tree  size.  Interpretations  could  be  very  different  and  probably  would  be 
strongly  influenced  by  choice  of  alternative  harvest  ages. 

Iron  Creek,  and  other  LOGS  installations,  are  now  in  a  stage  where  values  are 
changing  rapidly.  Further  measurements  soon  will  be  available,  and  it  should  be  pos- 
sible, by  using  available  simulators,  to  project  present  stand  characteristics  and  size 
distributions  for  some  distance  into  the  future  with  a  high  degree  of  confidence. 

Calculation  and  analyses  of  value  development  should  provide  much  information  on 
the  value  consequences  of  alternative  growing  stock  levels  and  alternative  harvest 
ages.  These  questions  are  highly  pertinent  to  current  controversies  over  forest  man- 
agement practices. 


Future  Uses  of  LOGS 
Study 
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Understory  development — To  date,  no  quantitative  descriptions  or  measurements 
have  been  made  of  the  herbaceous  vegetation,  shrubs,  and  developing  understory  of 
hemlock  and  redcedar.  Yet  it  is  evident  from  casual  inspection  that  strong  relations 
exist  among  treatment,  composition,  and  vigor  of  this  secondary  vegetation.  At  Iron 
Creek,  the  more  heavily  thinned  treatments  are  developing  a  pronounced  understory 
of  hemlock  and  cedar  that  eventually  will  lead  to  a  two-storied  stand  with  distinctly 
different  height  and  diameter  distributions  for  Douglas-fir  vs.  the  tolerant  hemlock  and 
cedar.  Observation  of  other  LOGS  installations  indicates  that  these  relations  differ 
markedly  among  sites.  There  is  a  need  for  examination  and  comparison  of  these 
relations  across  the  various  LOGS  installations,  for  which  long-term  and  very  detailed 
records  of  development  and  treatment  of  the  overstory  are  available.  Again,  these 
relations  and  differences  are  pertinent  to  current  concerns  about  effects  of  thinning 
and  stocking  levels  on  development  of  wildlife  habitat  and  biodiversity  in  young 
stands. 

Crown  development — Present  crown  dimensions  and  live  crown  ratios  at  Iron  Creek 
(figs.  35,  36)  are  closely  related  to  current  basal  area  stocking  (and  to  relative  den- 
sity). Crown  measurements  also  exist  for  most  of  the  past  measurement  dates  at  Iron 
Creek  and  for  some  of  the  other  LOGS  installations.  An  analysis  of  trends  over  time 
of  crown  dimensions  in  relation  to  tree  dimensions,  position,  and  stand  density,  and 
of  the  consistency  of  such  relations  across  installations,  would  be  highly  desirable. 
Such  information  is  an  important  component  of  a  number  of  widely  used  stand  de- 
velopment models,  and  good  data  are  scarce. 

Metric  Equivalents       1  inch  =  2.54  centimeters 

1  foot  =  0.3048  meter 

1  square  foot  =  0.09290  square  meter 

1  cubic  foot  =  0.028  cubic  meter 

1  acre  =  0.4047  hectare 

1  square  foot  per  acre  =  0.2296  square  meter  per  hectare 
1  cubic  foot  per  acre  =  0.06997  cubic  meter  per  hectare 
1  mile  =  1 .609  kilometers 
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The  following  information  is  excerpted  (and  paraphrased)  from  Williamson  and 
Staebler  (report  no.  1—1971). 

The  experiment  is  designed  to  test  a  number  of  thinning  regimes  beginning  in  young 
stands  made  alike  at  the  start  through  a  calibration  thinning.  Thereafter,  through  the 
time  required  for  60  feet  of  height  growth,  growing  stock  is  controlled  by  allowing  a 
specified  addition  to  the  growing  stock  between  successive  thinnings.  Any  extra 
growth  is  cut  and  is  one  of  the  measured  effects  of  the  thinning  regime. 

A  single  experiment  consists  of  eight  thinning  regimes  plus  unthinned  plots  whose 
growth  is  the  basis  for  treatment  in  these  regimes.  There  are  three  plots  per  treatment 
arranged  in  a  completely  randomized  design  for  a  total  of  27  plots  of  one-fifth  acre 
each. 

Well-formed,  uniformly  spaced,  dominant  trees  at  the  rate  of  80  per  acre,  or  16  per 
plot,  are  designated  as  crop  trees  before  initial  thinning.  Each  quarter  of  a  plot  must 
have  no  fewer  than  three  suitable  crop  trees  or  no  more  than  five — another  criterion 
for  stand  uniformity. 

All  24  treated  plots  are  thinned  initially  to  the  same  density  to  minimize  the  effect  of 
variations  in  original  density  on  stand  growth.  Density  of  residual  trees  is  controlled 
by  quadratic  mean  diameter  (diameter  of  tree  of  average  basal  area)  of  the  residual 
stand  according  to  the  formula, 

Average  spacing  in  feet  =  (0.6167  x  QMD)  +  8  . 

If  one  concentrates  on  leaving  a  certain  amount  of  basal  area  corresponding  to  an 
estimated  overall  quadratic  mean  d.b.h.  ...[QMD],  then  the  residual  number  of  trees 
may  vary  freely  and  the  actual. ..[QMDs]  may  differ  among  plots. ..plus  or  minus  10 
percent.  Alternatively,  if  emphasis  is  on  leaving  a  certain  number  of  trees  to  corre- 
spond to  an  estimated  overall. ..[QMD],  then  the  basal  areas  differ  among  plots  and 
the  actual. ..[QMDs]  may  vary.. .plus  or  minus  15  percent  between  plots. 

The  eight  tested  thinning  regimes  differ  in  the  amount  of  basal  area  allowed  to  ac- 
cumulate in  the  growing  stock.  The  amount  of  growth  retained  in  any  thinning  is  a 
predetermined  percentage  of  the  gross  increase  found  in  the  unthinned  plots  since 
the  last  thinning.. .(table  inside  front  cover).  The  average  residual  basal  area  for  all 
thinned  plots  after  the  calibration  thinning  is  the  foundation  upon  which  all  future 
growing  stock  accumulation  is  based.  As  used  in  the  study,  control  plots  may  be 
thought  of  as  providing  a  "local  gross  yield  table"  for  the  study  area. 

Thinnings  will  be  made  (after  the  calibration  thinning)  whenever  average  height 
growth  of  crop  trees. ..comes  closest  to  each  multiple  of  10  feet  [above  the  initial 
height]. 

As  far  as  possible,  type  of  thinning  is  eliminated  as  a  variable  in  the  treatment  thin- 
nings through  several  specifications. 

1 .  No  crop  tree  may  be  cut  until  all  noncrop  trees  have  been  cut  (another  tree  may  be 
substituted  for  a  crop  tree  damaged  by  logging  or  killed  by  natural  agents). 

2.  The  quadratic  mean  diameter  of  cut  trees  should  approximate  that  of  trees  avail- 
able for  cutting. 

3.  The  diameters  of  cut  trees  should  be  distributed  across  the  full  diameter  range  of 
trees  available  for  cutting. 


Appendix  2:  Tables      Table  1—  Analysis  of  variance 


Degrees  of  freedom 


Source  of  variation 

(5  treatment  periods) 

Treatments: 

/-T\ 

(7) 

A.  Fixed  vs.  variable  percentage  treatments 

1 

b.  Among  levels  ot  iixea  percentage  ireatmenis — 

Linear  effects 

1 

Quadratic  effects 

uudic  effects 

1 

u.  increasing  percentage  treatments 

1 

D.  Between  levels  of  increasing  percentage  treatments 

] 

E.  Between  levels  of  decreasing  percentage  treatments 

Error  a  for  testing  treatments 

15 

P  periods 

4 

Treatments  x  period  interactions: 

P  x  A 

4 

P  x  B  linear  effects 

4 

P  x  B  quadratic  effects 

4 

P  x  B  cubic  effects 

4 

PxC 

4 

PxD 

4 

PxE 

4 

Error  b  for  testing  interactions 

60 

Total 

115 

Table  2 — Analysis  of  variance  results  for  periodic  annual  gross  growth  and 
gross  growth  percent  in  volume  (CVTS)  and  basal  area,  and  net  periodic  annual 
growth  in  quadratic  mean  diameter 


P-valuesa  and  mean  square  errors 


Source  of  variation 

Volume 

Basal  area 

Diameter 

PAI 

Growth  % 

PAI 

Growth  % 

PAI 

Treatments: 

0  00** 

w  •  w  W 

0  00** 

W  •  WW 

0  00** 

w  *  w  w 

0  00** 

W  a  WW 

U.UU 

A.  Fixed  vs.  variable 

66 

•  ww 

38 

29 

96 

■  WW 

no 

.83 

3.  Fixed  (linear) 

.00** 

.00** 

.00** 

.00** 

r>  a** 
.UU 

B.  Fixed  (quadratic) 

14 

.  OvJ 

17 

1  ^ 

.37 

B.  Fixed  (cubic) 

.85 

.20 

.71 

.41 

.60 

C.  Increasing  vs.  decreasing 

.00** 

.00** 

.00** 

.00** 

.00 

D.  Between  increasing 

.00** 

.00** 

.00** 

.00** 

.07 

E.  Between  decreasing 

.00** 

.00** 

.16 

.00** 

.05 

Error  a  mean  square 

841.39 

.290 

.423 

.190 

.00244 

P  periods: 

.00** 

.00** 

.00** 

.00** 

.00** 

Px  A 

.66 

.74 

.41 

.07 

.37 

P  x  B  (linear) 

.00** 

.10 

.08 

.00** 

.00** 

P  x  B  (quadratic) 

.05* 

.52 

.00** 

.04* 

.50 

P  x  B  (cubic) 

.77 

.76 

.22 

.70 

.52 

PxC 

.02* 

.26 

.00** 

.00** 

.04* 

P  x  D 

.06 

.41 

.26 

.99 

.06 

P  x  E 

.13 

.17 

.12 

.00** 

.15 

Error  b  mean  square 

290.72 

.310 

.0668 

.0376 

.000301 

a  P  is  the  probability  of  a  larger  F,  given  that  the  null  hypothesis  of  no  difference  among  means  is  true. 
Significance  levels:  *  =  0.01<p<0.05;  **  =  0.00<p<0.01. 


Table  3a — Treatment  mean  heights  (H40)  of  40  largest  diameter  trees  per  acre 
and  of  crop  trees  (Hcrop)  by  treatment,  period,  and  year 


Before  cut 

After  cut   


Treatment 

1966 
(19)a 

1970 
(23) 

1973 
(26) 

1977 
(30) 

1980 
(33) 

1984 
(37) 

1989 
(42) 

reel 

Fixed: 

1  ^  LM  A 

1  H4U 

on  q 

oy.y 

CA  -i 

0U.1 

CO  A 

CD  Q 

oo.y 

7Q  -7 

fa.  i 

oc  0 
00.0 

CY7  O 

y/.o 

Hcrop 

OO.d 

AC  A 

40. U 

CO  o 
OO.O 

CA  A 

04.  U 

/£.y 

0  ^  A 

01  .0 

C\A  A 
94.4 

O      LM  A 

o  H4U 

0/ .0 

AQ  1 

4y.  i 

00.4 

C~7  C 

O/.O 

"7C  C 

/0.0 

Q  A  A 

o4.4 

CY7  O 

y/.o 

Hcrop 

O0.£ 

Ad  Q 

C/1  /l 

04.4 

CC  A 

00. u 

o^.l 

A/I  O 

y4.o 

C      LM  A 

0  H4U 

QQ  A 

CA  O. 

CO  A 

oy.4 

CQ  ~7 

oy.  1 

70  0 
/o.o 

Q7  Q 

O/.O 

■i  no  a 

Hcrop 

0*7  A 

o/.U 

A  Q  "7 

4o.  / 

O/.O 

C~7  Q 

O/.O 

"7C  A 

/o.y 

QC  C 

00.0 

AO  C 

yo.o 

~?      U  A  A 

oo.O 

AQ  O 

CO  c 
Oo.O 

oy.y 

"7Q  C 
/O.O 

Q"7  O 
O/.O 

a  r\r\  c 
I  OO.O 

Hcrop 

36.3 

47.1 

55.8 

66.8 

75.9 

84.4 

96.4 

Increasing: 

2  H40 

40.1 

50.7 

57.8 

67.3 

75.7 

85.5 

99.4 

Hcrop 

38.2 

48.9 

57.3 

66.4 

74.6 

83.7 

95.3 

4  H40 

40.8 

52.8 

59.6 

68.6 

77.5 

87.4 

99.7 

Hcrop 

39.4 

50.4 

57.8 

67.3 

76.3 

85.6 

96.9 

Decreasing: 

6  H40 

36.9 

47.6 

55.7 

67.2 

75.3 

83.7 

96.9 

Hcrop 

35.6 

46.1 

53.8 

64.6 

73.2 

82.2 

94.3 

8  H40 

40.4 

51.0 

60.0 

69.0 

79.2 

85.8 

99.2 

Hcrop 

38.4 

48.8 

57.4 

66.4 

79.2 

83.4 

96.6 

Unthinned: 

C  H40 

36.6 

48.5 

57.1 

67.7 

76.5 

85.9 

98.1 

Hcrop 

35.4 

46.9 

55.6 

65.4 

74.7 

83.5 

95.3 

a  Stand  age  in  parentheses. 

b  Plot  51  omitted  from  mean  of  treatment  1  because  of  root  rot. 
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Table  3b — Treatment  mean  heights  (H40)  of  100  largest  diameter  trees  per 
hectare  and  of  crop  trees,  by  treatment,  period,  and  year 


Before  cut 

After  cut   


1966        1970        1973        1977        1980        1984  1989 
Treatment  (19)a        (23)         (26)         (30)         (33)         (37)  (42) 


Fixed: 

1bH40  12.2 

Hcrop  10.7 

3  H40  11.4 
Hcrop  10,7 

5  H40  11.7 
Hcrop  11.3 

7  H40  11.7 
Hcrop  11.1 

Increasing: 

2   H40  12.2 

Hcrop  11,6 

4  H40  12,4 
Hcrop  12,0 

Decreasing: 

6  H40  11.2 
Hcrop  10.8 

8  H40  12.3 
Hcrop  11.7 

Unthinned: 

C  H40  11.1 

Hcrop  10.8 


Meters 


I  o.o 

I  o.u 

01  n 

14.0 

1 6,2 

19.5 

15,0 

17,2 

20.6 

14,3 

16,6 

19,8 

15,3 

18.1 

21.2 

14.8 

17.6 

20,7 

15.0 

17.9 

21,3 

14.4 

17.0 

20,4 

15.5 

17.6 

20.5 

14.9 

17.5 

20.2 

16,1 

18.2 

20.9 

15,4 

17,6 

20,5 

14,5 

17,0 

20.5 

14,0 

16.4 

19.7 

15,6 

18,3 

21.0 

14,9 

17.5 

20.2 

14,8 

17.4 

20.6 

14.3 

17.0 

19.9 

or  n 

on  c 

22.2 

24.7 

28.8 

23.0 

25.7 

29.8 

22.3 

25.0 

28.9 

23.9 

26.8 

31.1 

23.4 

26.1 

30.0 

23.9 

26,8 

30.7 

23.1 

25.7 

29.4 

23.1 

26.1 

30.3 

22.7 

25.5 

29.0 

23.6 

26.6 

30.4 

23.3 

26.1 

29.5 

22,9 

25.5 

29.5 

22.3 

25.1 

28.8 

24,1 

26.2 

30.2 

24.1 

25.4 

29.4 

23.3 

26.2 

29.9 

22.8 

25.5 

29.0 

2  Stand  age  in  parentheses. 

:  Plot  51  omitted  from  mean  of  treatment  1  because  of  root  rot. 
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Table  7a — Quadratic  mean  diameters  of  largest  40  trees  per  acre,  crop  trees, 
and  largest  80  trees  per  acre  by  treatment,  period,  and  year 


Before  cut 

After  cut  


1966       1970       1973       1977       1980       1984  1989 
Treatment  QMD        (19)a       (23)       (26)        (30)        (33)       (37)  (42) 


Inches 


Fixed: 


1* 

largest  40 

6.5 

8.6 

10.2 

12.2 

13.6 

15.2 

17.0 

crop  trees 

5.6 

7.4 

9.0 

11.1 

12.5 

14.2 

16.1 

largest  80 

6.1 

8.0 

9.5 

11.5 

12.6 

13.9 

_c 

3 

largest  40 

6.6 

8.6 

10.1 

12.0 

13.3 

14.8 

16.5 

crop  trees 

5.9 

7.8 

9.2 

11.0 

12.3 

13.6 

15.1 

largest  80 

6.3 

8.2 

9.6 

11.4 

12.6 

13.9 

15.5 

5 

largest  40 

6.8 

8.8 

10.3 

12.2 

13.3 

14.6 

16.1 

crop  trees 

6.1 

8.0 

9.5 

11.2 

12.3 

13.5 

14.8 

largest  80 

6.4 

8.3 

9.8 

11.5 

12.6 

13.8 

15.1 

7 

largest  40 

6.7 

8.7 

10.3 

12.0 

13.2 

14.4 

15.7 

crop  trees 

5.7 

7.5 

9.0 

10.5 

11.5 

12.6 

13.7 

largest  80 

6.3 

8.2 

9.7 

11.4 

12.4 

13.6 

14.8 

Increasing: 

2 

largest  40 

6.6 

8.5 

9.9 

11.9 

13.2 

14.7 

16.5 

crop  trees 

5.8 

7.7 

9.3 

11.1 

12.2 

13.7 

15.3 

largest  80 

6.2 

8.1 

9.5 

11.3 

12.6 

14.0 

15.6 

4 

largest  40 

6.5 

8.5 

10.1 

12.1 

13.3 

14.7 

16.2 

crop  trees 

5.9 

7.8 

9.3 

11.2 

12.4 

13.7 

15.0 

largest  80 

6.3 

8.2 

9.7 

11.6 

12.8 

14.1 

15.5 

Decreasing: 

6 

largest  40 

6.4 

8.4 

9.9 

11.7 

13.0 

14.3 

15.9 

crop  trees 

5.7 

7.6 

9.0 

10.8 

12.0 

13.3 

15.0 

largest  80 

6.1 

8.0 

9.5 

11.3 

12.4 

13.8 

15.2 

8 

largest  40 

6.7 

8.8 

10.4 

12.2 

13.4 

14.7 

16.1 

crop  trees 

5.9 

8.0 

9.6 

11.1 

12.1 

13.2 

14.6 

largest  80 

6.4 

8.4 

10.0 

11.7 

12.8 

13.7 

15.3 

Unthinned: 

C 

largest  40 

6.5 

8.3 

9.5 

10.9 

11.7 

12.7 

13.8 

crop  trees 

5.8 

7.4 

8.6 

9.7 

10.5 

11.2 

12.2 

largest  80 

6.1 

7.8 

9.0 

10.4 

11.2 

12.1 

13.2 

a  Stand  age  in  parentheses. 

b  Treatment  1  mean  omits  plot  51 ,  because  of  severe  root  rot. 
0  Number  per  acre  <80. 
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Table  7b— Quadratic  mean  diameters  of  largest  100  trees  per  hectare,  crop 
trees,  and  largest  200  trees  per  hectare  by  treatment,  period,  and  year 


Before  cut 

After  cut  


1966      1970      1973      1977      1980      1984  1989 


Treatment  QMD  (19)a      (23)       (26)       (30)       (33)       (37)  (42) 


Centimeters 


Fixed: 


1* 

largest  1 00 

16.5 

21.7 

25.8 

31.0 

34.4 

38.5 

43.1 

crop  trees 

14.2 

18.8 

22.9 

28.2 

31.8 

36.1 

40.9 

largest  200 

15.5 

20.4 

24.2 

29.1 

32.1 

35.2 

c 

3 

largest  100 

16.8 

21.8 

25.7 

30.5 

33.7 

37.6 

41.8 

crop  trees 

15.0 

19.8 

23.4 

27.9 

31.2 

34.5 

38.4 

largest  200 

16.0 

20.8 

24.5 

29.0 

32.0 

35.4 

39.4 

5 

largest  100 

17.2 

22.3 

26.2 

30.9 

33.8 

37.0 

40.9 

crop  trees 

15.5 

20.3 

24.1 

28.4 

31.2 

34.3 

37.6 

largest  200 

16.3 

21.1 

25.0 

29.1 

31.9 

35.0 

38.4 

7 

largest  100 

17.1 

22.1 

26.1 

30.6 

33.4 

36.5 

39.8 

crop  trees 

14.5 

19.1 

22.9 

26.7 

29.2 

32.0 

34.8 

largest  200 

16.1 

20.8 

24.6 

28.9 

31.6 

34.5 

37.6 

Increasing: 

2 

largest  100 

16.7 

21.6 

25.1 

30.2 

33.5 

37.4 

41.9 

crop  trees 

14.7 

19.6 

23.6 

28.2 

31.0 

34.8 

38.9 

largest  200 

15.8 

20.7 

24.0 

28.7 

32.0 

35.6 

39.7 

4 

largest  1 00 

16.6 

21.5 

25.7 

30.6 

33.8 

37.3 

41.1 

crop  trees 

15.0 

19.8 

23.6 

28.4 

31.5 

34.8 

38.1 

largest  200 

15.9 

20.8 

24.6 

29.5 

32.5 

35.8 

39.3 

Decreasing: 

6 

largest  100 

16.3 

21.3 

25.1 

29.7 

32.9 

36.4 

40.5 

crop  trees 

14.5 

19.3 

22.9 

27.4 

30.5 

33.8 

38.1 

largest  200 

15.4 

20.3 

24.2 

28.7 

31.6 

35.0 

38.7 

8 

largest  1 00 

17.1 

22.3 

26.3 

31.1 

34.0 

37.3 

41.0 

crop  trees 

15.0 

20.3 

24.4 

28.2 

30.7 

33.5 

37.1 

largest  200 

16.2 

21.3 

25.3 

29.8 

32.5 

34.7 

38.8 

Unthinned: 

C 

largest  1 00 

16.5 

21.1 

24.1 

26.9 

29.7 

32.3 

35.0 

crop  trees 

14.7 

18.8 

21.8 

24.6 

26.7 

28.4 

31.0 

largest  200 

15.5 

19.8 

22.9 

26.4 

28.4 

30.7 

33.5 

a  Stand  age  in  parentheses. 

b  Treatment  1  mean  omits  plot  51  because  of  severe  root  rot. 
c  Number  per  hectare  <200. 
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Table  11a — Periodic  annual  increment  in  net  basal  area  per  acre,  by  treatment 
and  period 


Calibration;     Period  1 ;      Period  2;      Period  3;      Period  4;      Period  5; 
midperiod     midperiod     midperiod     midperiod     midperiod  midperiod 
Treatment        age  21.0      age  24.5      age  28.0      age  31.5      age  35.0      age  39.5 


Square  feet 

Fixed: 


1a 

8.6 

8.3 

6.9 

5.7 

4.6 

3.5 

3 

8.4 

8.0 

7.5 

6.9 

6.0 

4.9 

5 

8.5 

9.5 

8.5 

8.2 

6.2 

5.6 

7 

8.6 

9.4 

9.2 

8.2 

6.8 

5.7 

Increasing: 

2 

8.9 

6.9 

7.3 

5.9 

5.2 

4.7 

4 

9.2 

7.9 

8.4 

7.4 

6.5 

5.5 

Decreasing: 

6 

8.4 

9.4 

9.0 

7.6 

5.9 

5.1 

8 

9.4 

8.7 

9.6 

7.5 

5.9 

5.5 

Unthinned: 

C 

10.7 

11.2 

9.2 

7.4 

5.2 

3.3 

Plot  51  omitted  from  treatment  1  means  because  of  root  rot. 


Table  11b — Periodic  annual  increment  in  net  basal  area  per  hectare,  by 
treatment  and  period 


Calibration;     Period  1 ;      Period  2;      Period  3;      Period  4;      Period  5; 
midperiod     midperiod     midperiod     midperiod     midperiod  midperiod 
Treatment        age  21.0      age  24.5      age  28.0      age  31.5      age  35.0      age  39.5 


Square  meters 

Fixed: 


1a 

1.97 

1.90 

1.59 

1.31 

1.05 

0.80 

3 

1.93 

1.85 

1.73 

1.59 

1.37 

1.13 

5 

1.95 

2.17 

1.95 

1.89 

1.41 

1.28 

7 

1.98 

2.16 

2.10 

1.89 

1.56 

1.32 

Increasing: 

2 

2.05 

1.58 

1.67 

1.34 

1.20 

1.09 

4 

2.11 

1.80 

1.92 

1.70 

1.49 

1.27 

Decreasing: 

6 

1.93 

2.16 

2.06 

1.73 

1.36 

1.18 

8 

2.15 

1.99 

2.20 

1.73 

1.36 

1.26 

Unthinned: 

C 

2.46 

2.58 

2.10 

1.70 

1.20 

0.75 

a  Plot  51  omitted  from  treatment  1  means  because  of  root  rot. 
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Table  12a — Periodic  annual  net  increment  in  quadratic  mean  diameter  of  all 
trees  and  of  survivors  (control  only,  in  parentheses),  by  treatment  and  period 


Calibration;     Period  1 ;       Period  2;       Period  3;       Period  4;       Period  5; 
midperiod     midperiod     midperiod     midperiod     midperiod  midperiod 
Treatment        age  21.0      age  24.5      age  28.0      age  31 .5      age  35.0      age  39.5 


Inches 

Fixed: 


1a 

0.41 

0.49 

0.48 

0.45 

0.42 

0.36 

3 

.41 

.47 

.43 

.39 

.32 

.31 

5 

.40 

.43 

.38 

.32 

.26 

.23 

7 

.41 

.43 

.35 

.28 

.22 

.20 

Increasing: 

2 

.42 

.49 

.47 

.41 

.36 

.31 

4 

.42 

.48 

.45 

.37 

.30 

.26 

Decreasing: 

6 

.42 

.44 

.40 

.35 

.29 

.28 

8 

.43 

.44 

.36 

.31 

.24 

.23 

Unthinned: 

C 

21  f, 

.20 

.17 

.17 

.15 

.16 

(.21)* 

(.20) 

(.15) 

(.12) 

(.10) 

(.09) 

a  Plot  51  omitted  from  treatment  1  means  because  of  root  rot. 
b  Survivor  growth. 


Table  12b — Periodic  annual  net  increment  in  quadratic  mean  diameter  of  all 
trees  and  of  survivors  (control  only,  in  parentheses),  by  treatment  and  period 


Calibration;     Period  1 ;       Period  2;       Period  3;       Period  4;       Period  5; 
midperiod     midperiod     midperiod     midperiod     midperiod  midperiod 
Treatment        age  21.0       age  24.5       age  28.0       age  31.5       age  35.0       age  39.5 


Centimeters 

Fixed: 


1a 

1.04 

1.24 

1.22 

1.14 

1.07 

0.91 

3 

1.04 

1.19 

1.09 

.99 

.82 

.79 

5 

1.02 

1.09 

.96 

.81 

.66 

.58 

7 

1.04 

1.09 

.89 

.71 

.56 

.51 

Increasing: 

2 

1.07 

1.24 

1.19 

1.04 

.91 

.79 

4 

1.07 

1.22 

1.14 

.94 

.76 

.66 

Decreasing: 

6 

1.07 

1.12 

1.02 

.89 

.74 

.71 

8 

1.09 

1.12 

.91 

.79 

.61 

.58 

Unthinned: 

C 

53  H 

.51 

.43 

.43 

.38 

.41 

(-53)* 

(.51) 

(.38) 

(.30) 

(.25) 

(.23) 

Plot  51  omitted  from  treatment  1  means  because  of  root  rot. 
Survivor  growth. 


Table  13a — Periodic  annual  increment  in  net  total  cubic  volume  (CVTS)  and 
merchantable  volume  (CV6)  per  acre,  by  treatment  and  period 


Treatment 

Calibration; 
midperiod 
age  21.0 

Period  1 ; 
midperiod 
age  24.5 

Period  2; 
midperiod 
age  28.0 

Period  3; 
midperiod 
age  31.5 

Period  4; 
midperiod 
age  35.0 

Period  5; 
midperiod 
age  39.5 

Cubic  feet 

Fixed: 

1a  CVTS 

203 

220 

227 

231 

186 

184 

CV6 

57 

225 

247 

234 

188 

180 

3  CVTS 

207 

230 

267 

289 

274 

278 

CV6 

77 

239 

279 

303 

274 

276 

5  CVTS 

217 

288 

OHO 

312 

372 

318 

346 

CV6 

84 

280 

342 

383 

324 

341 

7  CVTS 

217 

300 

351 

412 

350 

377 

CV6 

73 

303 

370 

414 

358 

378 

increasing: 

2  CVTS 

226 

OHO 

212 

242 

249 

O  A  O 

248 

257 

CV6 

88 

239 

266 

256 

251 

254 

4  CVTS 

237 

237 

289 

340 

319 

322 

CV6 

96 

268 

321 

354 

320 

320 

Decreasing: 

6  CVTS 

201 

268 

313 

330 

274 

285 

CV6 

60 

261 

331 

344 

276 

283 

8  CVTS 

229 

270 

333 

352 

314 

349 

CV6 

108 

300 

347 

367 

317 

342 

Unthinned: 

C  CVTS 

317 

414 

406 

432 

347 

332 

CV6 

42 

419 

320 

394 

358 

372 

a  Plot  51  omitted  from  treatment  1  means  because  of  root  rot. 
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Table  13b — Periodic  annual  increment  in  net  total  cubic  volume  (CVTS)  and 
merchantable  volume  (CV6)  per  hectare,  by  treatment  and  period 


Calibration; 

Period  1 ; 

Period  2; 

Period  3; 

Period  4; 

Period  5; 

midperiod 

midperiod 

midperiod 

midperiod 

midperiod 

midperiod 

Treatment 

age  21.0 

age  24.5 

age  28.0 

age  31.5 

age  35.0 

age  39.5 

Cubic  meters 

Fixed: 

1a  CVTS 

14.2 

15.4 

15.9 

16.2 

13.0 

12.9 

CV6 

4.0 

15.7 

17.3 

16.4 

13.2 

12.6 

3  CVTS 

14.5 

16.1 

18.7 

20.2 

19.2 

19.4 

CV6 

5.4 

16.7 

19.5 

21.2 

19.2 

19.3 

5  CVTS 

15.2 

20.2 

21.8 

26.0 

22.2 

24.2 

CV6 

5.9 

19.6 

23.9 

26.8 

22.7 

23.9 

CVTS 

15.2 

21.0 

24.6 

28.8 

24.5 

26.4 

CV6 

5.1 

21.2 

25.9 

29.0 

25.0 

26.4 

Increasing: 

2  CVTS 

15.8 

14.8 

16.9 

17.4 

17.4 

18.0 

CV6 

6.2 

16.7 

18.6 

17.9 

17.6 

17.8 

4  CVTS 

16.6 

16.6 

20.2 

23.8 

22.3 

22.5 

CV6 

6.7 

18.8 

22.5 

24.8 

22.4 

22.4 

Decreasing: 

6  CVTS 

14.1 

18.8 

21.9 

23.1 

19.2 

19.9 

CV6 

4.2 

18.3 

23.2 

24.1 

19.3 

19.8 

8  CVTS 

16.0 

18.9 

23.3 

24.6 

22.0 

24.4 

CV6 

7.6 

21.0 

24.3 

25.7 

22.2 

23.9 

Unthinned: 

C  CVTS 

22.2 

29.0 

28.4 

30.2 

24.3 

23.2 

CV6 

2.9 

29.3 

22.4 

27.6 

25.0 

26.0 

a  Plot  51  omitted  from  treatment  1  means  because  of  root  rot. 


Table  14a — Periodic  annual  mortality  in  number  of  trees  and  in  basal  area,  per 
acre,  by  treatment  and  period 


Calibration;     Period  1 ;     Period  2;     Period  3;     Period  4;     Period  5; 
midperiod     midperiod    midperiod    midperiod    midperiod  midperiod 
Treatment  age  21.0      age  24.5     age  28.0     age  31.5     age  35.0     age  39.5 


Number  per  acre 

FiypH" 

1a 

1  ?5 

0.84 

0.63 

0 

0 

0* 

2  08 

3.89 

1.25 

.56 

0 

33 

5 

2  08 

.11 

1.25 

0 

.83 

o 

7 

3.33 

5.56 

2.08 

1.11 

.83 

1.00 

Inprpa^inn* 

2 

3  75 

3.33 

.42 

.56 

.42 

0 

4 

2.08 

5.00 

1.25 

.56 

0 

.33 

o 

4  17 

3.89 

1.25 

.56 

.42 

n 

\J 

Q 
O 

1  fi7 

7.22 

.42 

2.22 

.83 

.JO 

uontroi. 

C 

6.67 

14.44 

23.33 

37.78  24.17 

32.67 

Basal  area,  square  feet  per  acre 

Fixed: 

1a 

.09 

.25 

.13 

0 

0 

0 

3 

.22 

.92 

.47 

.23 

0 

.20 

5 

.27 

.41 

.38 

0 

.21 

0 

7 

.18 

.30 

.54 

.11 

.10 

.09 

Increasing: 

2 

.51 

1.07 

.07 

.39 

.28 

0 

4 

.27 

1.30 

.20 

.30 

0 

.06 

Decreasing: 

6 

.41 

.87 

.29 

.21 

.29 

0 

8 

.18 

2.34 

.07 

.51 

.29 

.11 

Control: 

C 

.23 

.67 

1.22 

2.38 

1.75 

3.81 

Plot  51  in  treatment  1  excluded  because  of  root  rot. 
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Table  14b — Periodic  annual  mortality  in  number  of  trees  and  in  basal  area,  per 
hectare,  by  treatment  and  period 


Calibration; 

Period  1 ; 

Period  2; 

Period  3; 

Period  4; 

Period  5; 

midperiod 

midperiod 

midperiod 

midperiod 

midperiod 

midperiod 

Treatment 

age  21.0 

age  24.5 

age  28.0 

age  31.5 

age  35.0 

age  39.5 

Number  per  hectare 

Fixed: 

1 

3.10 

2.10 

1.60 

0 

0 

0 

3 

5.10 

9.60 

3.10 

1.40 

.00 

.80 

5 

5.10 

.30 

3.10 

0 

2.00 

0 

7 

8.20 

13.70 

5.10 

2.70 

2.00 

2.50 

Increasing 

2 

9.30 

8.20 

1.00 

1.40 

1.00 

0 

4 

5.10 

12.40 

3.10 

1.40 

0 

.80 

Decreasing 

6 

10.30 

9.60 

3.10 

1.40 

1.00 

0 

8 

4.10 

17.80 

1.00 

5.50 

2.00 

.80 

Control 

C 

16.50 

35.70 

57.60 

93.30 

59.70 

80.70 

Basal  area,  square  meters 

Fixed: 

i 

no 

.UD 

.03 

0 

n 
u 

3 

.05 

.21 

.11 

.05 

0 

.05 

5 

.06 

.09 

.09 

.00 

.05 

0 

7 

.04 

.07 

.12 

.02 

.02 

.02 

Increasing 

2 

.12 

.25 

.02 

.09 

.06 

0 

4 

.06 

.30 

.06 

.07 

0 

.01 

Decreasing 

6 

.09 

.20 

.07 

.05 

.07 

0 

8 

.04 

.54 

.02 

.12 

.07 

.02 

Control 

C 

.05 

.15 

.28 

.55 

.40 

.87 

Plot  51  in  treatment  1  excluded  because  of  root  rot. 


Table  15a — Periodic  annual  mortality  in  total  cubic  volume  (CVTS)  per  acre,  by 
treatment  and  period 


Calibration;     Period  1 ;      Period  2;      Period  3;      Period  4;      Period  5; 
midperiod     midperiod     midperiod     midperiod     midperiod  midperiod 
Treatment       age  21.0      age  24.5      age  28.0      age  31.5      age  35.0      age  39.5 


Cubic  feet  per  acre 

Fixed: 


1a 

1.1 

5.4 

2.8 

0 

0 

0 

3 

3.3 

18.3 

11.7 

6.1 

.0 

6.7 

5 

4.5 

9.0 

9.5 

0 

5.8 

0 

7 

7.2 

30.6 

15.4 

13.8 

4.8 

6.7 

Increasing 

2 

9.1 

24.3 

1.7 

11.3 

8.8 

0 

4 

4.5 

29.0 

4.2 

8.5 

0 

1.6 

Decreasing 

6 

6.3 

16.6 

6.5 

5.6 

9.3 

0 

8 

3.0 

50.4 

1.6 

12.0 

8.2 

3.2 

Control 

C 

3.4 

11.6 

25.0 

53.2 

56.0 

116.1 

a  Plot  51  in  treatment  1  excluded  because  of  root  rot.  CV6  mortality  has  been  negligible. 


Table  15b — Periodic  annual  mortality  in  total  cubic  volume  (CVTS)  per  hectare, 
by  treatment  and  period 


Calibration;     Period  1 ;      Period  2;      Period  3;      Period  4;      Period  5; 
midperiod     midperiod     midperiod     midperiod     midperiod  midperiod 
Treatment        age  21.0      age  24.5      age  28.0      age  31.5      age  35.0      age  39.5 


Cubic  meters 

Fixed: 


1a 

0.07 

0.38 

0.20 

0 

0 

0 

3 

.23 

1.28 

.82 

.42 

0 

.47 

5 

.31 

.63 

.66 

0 

.40 

0 

7 

.50 

2.14 

1.08 

.96 

.34 

.47 

Increasing: 

2 

.64 

1.70 

.12 

.79 

.62 

0 

4 

.31 

2.03 

.29 

.59 

0 

.11 

Decreasing: 

6 

.44 

1.16 

.45 

.39 

.65 

0 

8 

.21 

3.53 

.11 

.84 

.57 

.22 

Control: 

C 

.24 

.81 

1.75 

3.72 

3.92 

8.12 

a  Plot  51  in  treatment  1  excluded  because  of  root  rot.  CV6  mortality  has  been  negligible. 
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Table  16 — Net  basal  area  (BA)  growth  percent,  net  cubic  volume  (CVTS)  growth 
percent,  and  net  merchantable  volume  (CV6)  growth  percent  (based  on 
midperiod  values),  by  treatment  and  period 


Period 


Calibration      TP-1         TP-2         TP-3         TP-4  TP-5 
1966-70      1970-73      1973-77      1977-80      1980-84  1984-89 
Treatment        Unit        age  21.0    age  24.5    age  28.0    age  31.5    age  35.0    age  39.5 


Percent 


Fixed: 


1a 

BA 

13.9 

12.6 

9.7 

7.9 

6.3 

4.6 

CVTS 

19.6 

16.8 

13.5 

11.8 

8.5 

7.1 

CV6 

50.0 

41.9 

20.5 

14.1 

9.4 

7.3 

3 

BA 

13.3 

10.9 

8.7 

6.8 

5.2 

4.1 

CVTS 

19.4 

15.3 

12.8 

10.4 

7.9 

6.8 

CV6 

49.1 

37.1 

19.6 

13.4 

9.1 

7.3 

5 

BA 

13.0 

1 1.1 

7.8 

6.2 

4.2 

3.6 

CVTS 

18.5 

15.8 

1 1.5 

9.9 

6.9 

6.2 

PVR 

o  /  .c. 

1 Q  0 

1?  8 

8  ? 

6  8 

7 

BA 

13.0 

9.9 

7.4 

5.3 

3.8 

3.0 

CVTS 

18.6 

15.0 

11.4 

9.3 

6.2 

5.5 

CV6 

46.8 

41.0 

19.4 

12.6 

7.8 

6.4 

Increasing: 

2 

BA 

13.4 

11.0 

9.7 

6.8 

5.2 

4.3 

CVTS 

18.9 

15.8 

12.9 

10.3 

8.0 

6.7 

CV6 

50.0 

41.8 

19.7 

12.6 

9.0 

7.0 

4 

BA 

13.5 

10.4 

8.9 

6.4 

4.8 

3.7 

CVTS 

19.0 

14.5 

12.2 

10.1 

7.5 

6.0 

CV6 

48.9 

38.5 

19.2 

13.0 

8.5 

6.5 

Decreasing: 

6 

BA 

13.5 

10.9 

8.5 

6.6 

4.8 

4.2 

CVTS 

19.3 

15.5 

12.6 

10.6 

7.4 

6.8 

CV6 

49.1 

40.9 

19.4 

13.6 

8.4 

7.3 

8 

BA 

13.8 

9.2 

7.9 

5.2 

3.8 

3.4 

CVTS 

18.6 

13.5 

11.2 

8.6 

6.5 

6.2 

CV6 

48.5 

34.8 

17.7 

11.9 

7.8 

6.9 

Unthinned: 

C 

BA 

11.0 

8.1 

5.1 

2.9 

1.9 

.9 

CVTS 

17.8 

13.6 

9.0 

7.3 

4.8 

3.5 

CV6 

46.1 

42.0 

23.1 

15.1 

9.2 

6.7 

Treatment  1  mean  omits  plot  51,  because  of  root  rot. 


Table  17a — Net  mean  annual  increment  in  total  cubic  feet  (CVTS)  and 
merchantable  cubic  feet  (CV6)  per  acre,  by  treatment,  year,  and  age 


1966 

1970 

1973 

1977 

1980 

1984 

1989 

Treatment 

Unit 

(19)a 

(23) 

(26) 

(30) 

(33) 

(37) 

(42) 

-  Cubic  feet  per  acre  peryeafi  - 

1C 

i 

CVTS 

V-/  V  1  o 

57 

82 

no 

115 

1<ib 

132 

138 

CV6 

o 

10 

ob 

CO 

bo 

90 

101 

3 

CVTS 

58 

84 

1 U  1 

l  do 

•\  OQ 

153 

168 

CV6 

V-/  V  VJ 

0 

14 

40 

"70 

Id. 

no 
93 

112 

1^2 

K 

CVTS 

62 

8Q 

112 

139 

160 

Ml 

1Q7 

CV6 

V-/  V  w 

0 

15 

46 

85 

112 

135 

160 

7 

CVTS 

62 

89 

114 

145 

169 

189 

211 

Q 

20 

52 

95 

124 

14Q 

176 

Increasing: 

2 

CVTS 

63 

91 

105 

124 

135 

147 

160 

CV6 

0 

15 

41 

71 

88 

106 

123 

4 

CVTS 

65 

95 

111 

135 

154 

171 

189 

CV6 

0 

17 

46 

82 

107 

130 

153 

Decreasing: 

6 

CVTS 

57 

82 

104 

132 

150 

163 

178 

CV6 

0 

10 

39 

78 

102 

121 

140 

8 

CVTS 

64 

93 

113 

142 

161 

178 

198 

CV6 

0 

19 

51 

91 

116 

138 

162 

Control: 

C 

CVTS 

61 

105 

141 

176 

200 

215 

226 

CV6 

0 

8 

28 

67 

97 

125 

155 

3  Stand  age  in  parentheses. 

b  Estimated  cut  of  450  cubic  feet  per  acre  has  been  included  in  totals  for  CVTS. 
0  Plot  51  in  treatment  1  excluded  because  of  root  rot. 
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Table  17b — Net  mean  annual  increment  in  total  cubic  volume  (CVTS)  and 
merchantable  cubic  volume  (CV6)  per  hectare,  by  treatment,  year,  and  age 


1966       1970       1973       1977       1980       1984  1989 
Treatment  Unit       (19)a       (23)        (26)        (30)        (33)        (37)  (42) 


Cubic  meters 


Fixed: 


1c 

CVTS 

4.0 

5.7 

6.9 

8.0 

8.8 

9.2 

9.7 

CV6 

0 

.7 

2.4 

4.4 

5.5 

6.3 

7.1 

3 

CVTS 

4.1 

5.9 

7.1 

8.6 

9.7 

10.7 

11.8 

CV6 

0 

1 .0 

2.8 

5.0 

6.5 

7.8 

9.2 

5 

CVTS 

4.3 

6.2 

7.8 

9.7 

11.2 

12.4 

13.8 

CV6 

0 

1.0 

3.2 

5.9 

7.8 

9.4 

11.2 

7 

CVTS 

4.3 

6.2 

8.0 

10.1 

11.8 

13.2 

14.8 

CV6 

.6 

1.4 

3.6 

6.6 

8.7 

10.4 

12.3 

Increasing: 

2 

CVTS 

4.4 

6.4 

7.3 

8.7 

9.4 

10.3 

11.2 

CV6 

0 

1.0 

2.9 

5.0 

6.2 

7.4 

8.6 

4 

CVTS 

4.5 

6.6 

7.8 

9.4 

10.8 

12.0 

13.2 

CV6 

0 

1.2 

3.2 

5.7 

7.5 

9.1 

10.7 

Decreasing: 

6 

CVTS 

4.0 

5.7 

7.3 

9.2 

10.5 

11.4 

12.5 

CV6 

0 

.7 

2.7 

5.5 

7.1 

8.5 

9.8 

8 

CVTS 

4.5 

6.5 

7.9 

9.9 

11.3 

12.5 

13.8 

CV6 

0 

1.3 

3.6 

6.4 

8.1 

9.7 

11.3 

Control: 

C 

CVTS 

4.3 

7.3 

9.9 

12.3 

14.0 

15.0 

15.8 

CV6 

0 

8.0 

2.0 

4.7 

6.8 

8.7 

10.8 

3  Stand  age  in  parentheses 

b  Estimated  calibration  cut  of  31.5  cubic  meters  per  hectare  has  been  included  in  totals  for  CVTS. 
0  Plot  51  in  treatment  1  excluded  because  of  root  rot. 


Appendix  3:  The 
Nine  Study  Areas 


Study  Area 


Cooperator 


Skykomish 
demons 


Hoskins 


Rocky  Brook 
Stampede  Creek 
Iron  Creek 

Francis 


Western  Forestry  Research  Department 
Weyerhaeuser  Company 
Tacoma,  WA 

College  of  Forestry 
Oregon  State  University 
Corvallis,  OR 

USDA  Forest  Service 
Pacific  Northwest  Research  Station  and 
Pacific  Northwest  Region 
Portland,  OR 

State  of  Washington 
Department  of  Natural  Resources 
Olympia,  WA 


Sayward  Forest    Canadian  Forest  Service 
Shawnigan  Lake   Pacific  and  Yukon  Region 

Pacific  Forest  Research  Centre 

Victoria,  BC 
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PNW-RP-475.  Portland,  OR:  U.S.  Department  of  Agriculture,  Forest  Service, 
Pacific  Northwest  Research  Station.  67  p. 

Results  of  the  Iron  Creek  installation  of  the  levels-of-growing-stock  study  in  Douglas- 
fir  (Pseudotsuga  menziesii  (Mirb.)  Franco)  are  summarized.  To  age  42  (planned  com- 
pletion of  the  experiment)  volume  growth  in  this  site  II  Douglas-fir  plantation  has  been 
strongly  related  to  level  of  growing  stock,  partially  offsetting  the  decrease  in  volume 
growth  percent  expected  with  increasing  growing  stock.  Basal  area  growth-growing 
stock  relations  were  much  weaker  than  those  for  volume.  Marked  differences  in  tree 
size  distributions  have  resulted  from  thinning.  Periodic  annual  volume  increments  are 
two  to  three  times  greater  than  mean  annual  increments  at  age  42;  this  stand  is  far 
from  culmination.  Results  in  general  are  similar  to  those  reported  for  other  installa- 
tions in  the  series  on  medium  to  good  sites. 
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